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SECTION  I 
INTRODUCTION 


There  ere  currently  many  types  of  threaded  metal  Inserts  which  are 
commercially  available.  These  Inserts  are  used  to  allow  the  fastening 
of  one  material  with  screws  or  bolts  to  another  material  without  having 
the  screw  or  bolt  threaded  directly  Into  the  second  material.  The  last 
overall  testing  of  threaded  Inserts  was  accomplished  about  1964.  Many 
o *  the  products  tested  then  are  no  longer  available.  Therefore.  It  was 
desirable  to  test  several  of  the  currently  available  Inserts  to  characterize 
mechanical  and  corrosion  characteristics. 

Threaded  Inserts  are  used  In  many  of  the  softer  materials  such  as 
aluminum,  magnesium,  and  nonmatalllcs.  The  hard  material  of  the  Insert  can 
withstand  the  frequent  removal  of  the  screws  or  bolts  more  so  than  the  soft 
materials. 

The  number  and  type  of  Insert  systems  was  necessarily  limited  due  to 
the  cost  and  manpower  Involved  In  an  evaluation  program.  The  particular 
systems  selected  were  chosen  to  be  representative  of  systems  found  In 
aircraft  structure.  In  general  the  program  was  limited  to  not  more  than 
two  products  of  a  given  type  (e.g.,  self-tapping)  and  only  one  type  of 
threaded  Insert  from  each  manufacturer. 

The  evaluation  of  threaded  Inserts  reported  herein  was  requested  by 
the  Deputy  for  Engineering,  Flight  Equipment  Division,  Mechanical  Branch 
of  the  Air  Force  Aeronautical  Systems  Division,  (ASD/ENFEM).  The  Inserts 
were  tested  for  static  pullout  strength,  the  effect  of  Insert  on  fatigue 
life  of  parent  material  with  and  without  fasteners  Installed,  locking 
and  unlocking  torque  of  the  fastener,  and  corrosion  susceptibility.  The 
approach  was  to  have  the  participating  Insert  manufacturers  Install  Inserts 
In  half  of  the  specimens  to  be  tasted.  The  other  half  were  Installed 
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at  tha  AFML.  Tasting  of  all  tha  Inserts  was  accompli  shad  by  tha  Air 
Forca  Materials  Laboratory!  Systems  Support  Division,  Materials  Integrity 
Branch  (AFML/MXA)  at  Wright- Patterson  AFB. 
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SECTION  II 
OBJECTIVE 

The  main  objective  of  this  program  was  to  provide  engineering  test 
data  on  threaded  Inserts,  for  general  use  In  airframe  structures,  The 
Information  derived  from  this  study  In  conjunction  with  data  from  other 
sources. can  be  used  In  evaluating  Insert  systems  for  Air  Force  use. 
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SECTION  III 

THREADED  INSERT  SELECTION 

The  tests  were  designed  to  determine  several  characteristics  of  the 
threaded  Insert  system. 

The  following  Insert  types  were  selected  as  being  representative  of 
those  found  In  typical  aircraft  structures:  (1)  solid  wall  bushing  type 
Inserts,  (2)  wire  coll  type  Inserts,  and  (3)  a  self-tapping  type  Insert. 
All  of  the  inserts  were  the  self-locking  type,  Internal  and  external. 

1 .  SOLID  WALL  INSERTS 

There  are  several  varieties  of  the  solid  wall  bushing  type  Insert. 
For  this  evaluation  program  the  non-self- tapping  solid  wall  Inserts  used 
are  shown  In  Figure  1.  Both  of  the  Inserts  shown  have  a  thin  wall  made 
of  type  303  stainless  steel.  These  Inserts  have  an  'ntegral  plastic 
(nylon)  self-locking  element  which  extends  through  the  wall  of  the  In¬ 
serts.  On  one  type  the  plastic  is  longitudinal  In  the  threads  and  In 
the  other  the  plastic  Is  radial  In  the  threads.  A  dry  film  lubricant 
Is  used  on  the  Insert  to  prevent  galling  and  seizing  between  the  Inter¬ 
nal  threads  of  the  Insert  and  the  bolts  and  It  also  prevents  seizing  on 
Installation.  The  Inserts  shown  In  Figure  1  can  be  Installed  Into  the 
parent  material  either  end  first. 

The  other  variety  of  solid  wall  Inserts  are  shown  In  Figure  2. 

Both  of  these  Inserts  also  have  a  thin  wall.  One  Is  made  of  CRES  PH  17-4 
stainless  steel  heat  treated  to  180-200  KSI.  The  other  Insert  Is  made 
of  a  heat  treated  alloy  steel  and  Is  cadmium  plated.  Both  Inserts  are 
coated  with  a  dry  film  lubricant.  The  Internal  thread  locking  mechanism 
for  both  Inserts  Is  mechanical  caused  by  deformed  thread  shape.  The  two 
Inserts  also  have  external  locking  In  which  the  area  at  the  top  of  the 
insert  Is  serrated.  The  serrated  area  Is  swaged  outward  Into  the 
parent  material  during  Installation  locking  the  Insert  to  the  parent 
material . 
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2.  HELICAL  COIL  INSERTS 

The  two  helical  coll  type  Inserts  operate  on  the  same  principle. 
These  Inserts  are  shown  In  Figure  3.  In  the  free  state  the  diameter  of 
the  Insert  Is  larger  than  the  tapped  hole  In  which  It  will  be  Installed. 
In  assembly  the  Insert  Is  reduced  In  diameter,  threaded  Into  place,  and 
retained  by  the  Insert  attempting  to  expand  to  Its  original  diameter. 
Internal  locking  between  the  Insert  and  the  bolt  Is  achieved  by  a  series 
of  cords  on  one  or  more  of  the  Insert  convolutions.  The  threading  of 
the  holes  for  the  coll  wire  Inserts  requires  a  tap  designed  for  wire 
Inserts. 


Figure  3.  Helical  Coll  Insert 
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3.  SELF-TAPPING  INSERT 

The  self- tapping  Insert  Is  a  bushing  with  Internal  and  external 
threads.  The  Insert  Is  designed  to  cut  Its  own  threads  as  It  Is  screwed 
Into  a  drilled  or  cored  hole.  The  cutting  edges  are  formed  by  several 
transverse  holes  drilled  through  the  wall  of  the  pilot  portion  of  the 
Insert  as  shown  In  Figure  4.  These  transverse  holes  also  allow  for  the 
discharge  of  chips  during  the  self-tapping  operation.  The  Insert  material 

Is  hardened  stainless  steel.  The  Internal  and  external  thread  locklnn 
mechanism  Is  a  nylon  pellet  pressed  Into  a  hole  drilled  through  the 
wall  of  the  Insert. 


Figure  4,  Self-Tapping  Insert 
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SECTION  IV 

INSERT  MANUFACTURER  AND  INSERT  DESIGNATIONS 
The  seven  Insert  manufacturers  and  the  Insert  designation  are  shown  In  Table  1. 


TABLE  1 

INSERT  SIZES  AND  IDENTIFICATION  FOR  EVALUATION  PROGRAM 


10-32 

1/4-28 

3/8-24 

Insert 

Size* 

Size* 

Size* 

Mfg. 

Length 

Part  No. 

Length 

Part  No. 

Length 

Part  No. 

Groov-PIn 

.296 

NM-19032-9C 

.375 

NM- 25028- 90 

.562 

NM-37524-90 

Long-Lok 

.290+. 01 

T  02  P59 

.380+. 01 

T  040  P59 

.560+, 01 

T  064  P59 

Hell-Coil 

.286“ 

3591-3CN-0285 

.375“ 

3591-4CN- 0375 

.562“ 

3591 -6CN-0562 

Kaynar 

. 300Max 

K8000-3 

. 390Max 

K8000-4 

,570Max 

K8000-6 

Rosan 

.290+. 01 

SR-192L 

.380+.  01 

SR- 258- L 

.560+. 01 

SR-374L 

Trldalr 

.285“ 

TLF-3C-0285 

.375“ 

TLF-4C-0375 

.562“ 

TLF-6C-0562 

Torkon 

.290+. 01 

T1  1011*117 

.380^.01 

T1  1011-119 

.560+. 01 

T1  1011-223 

Open  hole  threaded  specimen  will  be  from  the  1/2  Inch  plate  with  1/4-2B  tap  threads  only. 


*  10-32  parts  were  Installed  in  .312"  plate 
1/4-28  parts  were  Installed  In  .500"  plate 
3/8-24  parts  were  Installed  In  .750"  plate 

+  Length  values  are  shown  only  when  specified  by  the  manufacturer. 
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SECTION  V 

TENSILE  TESTS  OF  PARENT  MATERIAL 

Tensile  specimens  from  each  thickness  of  material  were  machined  In 
accordance  with  the  drawing  shown  In  Figure  5. 

Six  tensile  specimens  were  prepared  from  each  thickness  of  the  7075-T73 
plate  material.  The  plate  thicknesses  were  5/16-Inch,  l/2-1nch  and  3/4-1nch. 
The  tensile  test  specimens  were  tested  In  a  10,000-pound  capacity  Instron 
test  machine.  The  specimens  were  tested  at  ambient  temperature  and  at  a 
strain  rate  of  0.005  Inch/Inch  per  minute.  The  mechanical  properties  of 
the  7075- T73  aluminum  alloy  are  given  In  Table  2. 

TABLE  2 

RESULTS  OF  TENSILE  STRENGTH  TESTS  OF  7075-T73 
ALUMINUM  ALLOY  -  PLATE 


MATERIALS 

THICKNESS 


5/16" 


AVERAGE  — 


AVERAGE  — 


YIELD 

STRESS 

KSI 


AVERAGE  — 4- 


ULTIHATE 

STRESS 

KSI 


65.7 

65.1 
65.4 

65.6 

65.7 

65.2 
65.45 


ELONGATION 
X  -  1"  G.L. 


REDUCTION  IN 
AREA  -  X 
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SECTION  VI 
EXPERIMENTAL 


1.  SPECIMEN  PREPARATION  FOR  FATIGUE  TESTS 

The  fatigue  specimens  were  made  as  shown  In  Figures  6.  7,  and  8. 

The  specimens  were  machined  by  the  Mlllat  Industries  Corporation.  Dayton. 
Ohio.  The  aluminum  material  was  received  In  the  7075-T6  condition  and 
was  over-aged  to  the  7075-T73  condition.  Fatigue  specimens  for  the  10-32 
size  Inserts  were  machined  from  5/1 6-1  rich  thick  aluminum,  the  fatigue 
specimens  for  the  1/4-28  size  Inserts  were  machined  from  l/2-1nch  thick 
aluminum  plate  and  the  fatigue  specimens  for  the  3/8-24  size  Inserts  were 
machined  from  3/4- 1 nch  thick  aluminum  plate. 

The  Insert  holes  were  prepared  In  accordance  with  the  manufacturers' 
recommended  Instructions.  All  holes  were  checked  after  they  were  tapped 
for  go/no-go.  The  tapped  holes  for  the  wire  Inserts  required  a  tap 
designed  for  helical  coll  Inserts. 

2.  INSTALLATION  OF  INSERTS 

The  Installation  of  the  various  Inserts  required  Installation  tools 
designed  for  that  type  of  Insert.  These  tools  were  furnished  by  the 
participating  Insert  manufacturers.  The  program  was  set  up  so  that  the 
manufacturers  would  Install  Inserts  In  one  half  of  the  specimens  to  be 
evaluated.  These  specimens  were  shipped  to  the  manufacturers  for  Installa¬ 
tion  of  the  Inserts.  AFML  Installed  the  Inserts  In  the  remaining  half 
of  the  specimens  at  WPAFB. 


The  Long-Lok,  Torkon,  Trldalr,  Hell-Coil,  and  Groov-Pin  Inserts 
required  only  one  operation  for  Installation  after  hole  preparation. 

The  Kaynar  and  the  Rosan  Inserts  required  two  operations  for  Installation 
after  hole  preparation.  These  two  Inserts  had  to  be  first  screwed  Into 
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the  parent  material  and  then  the  top  knurled  portion  of  the  Insert 
swagged  Into  the  wall  of  the  parent  material  so  as  to  prevent  rotation 
of  the  Insert.  An  alignment  fixture  was  used  for  starting  the  self- 
tapping  Insert.  The  alignment  fixture  was  used  to  ensure  against  the 
insert  being  threaded  Into  the  hole  eccentrically.  Such  a  fixture  Is 
not  normally  used  In  actual  aircraft  production.  The  self-tapping  Insert 
required  much  more  Installation  torque  than  the  Inserts  with  the  pre¬ 
tapped  holes.  The  3/8-24  size  self- tapping  Insert  required  an  average 
Installation  torque  of  69  foot/pounds.  It  was  not  determined  what  the 
torque  was  for  tapping  the  threads  for  the  pre-threaded  holes. 

When  Installing  the  Hell-Coil  and  Trldalr  Inserts  care  has  to  be 
taken  so  that  the  threads  of  the  Insert  and  the  parent  material  are  not 
mismatched.  After  the  Installation  of  the  Insert,  the  tang  which  Is  used 
to  drive  the  Insert  was  broken  off.  The  Hell-Coil  Installation  tool  was 
used  to  Install  both  Hell-Coil  and  Trldalr  Inserts. 

3.  TOOLS  REQUIRED  FOR  INSERT  INSTALLATION 

The  tools  used  for  Installing  the  Inserts  are  shown  In  Figures  9 
and  10.  Tools  for  Installation  are  available  in  automatic  and  manual 
varieties.  All  Inserts  were  Installed  with  the  manual  tools  for  this 
program. 
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SECTION  VII 
FATIGUE  TESTS 

The  fatigue  testing  phase  of  the  evaluation  was  to  determine  the 
effect  that  the  Insert  had  on  the  fatigue  life  of  the  parent  material  and 
the  effect  of  fatigue  loading  on  the  breakaway  torque  of  the  Insert  system. 


In  order  to  obtain  control  fatigue  data,  specimens  from  1/2-1nch 
thick  aluminum  plate  were  tested  In  the  tapped  open  hole  condition  and 
also  with  only  the  Insert  Installed  In  the  hole. 


A  fatigue  specimen  with  the  bolts  Installed  In  the  Inserts  Is  shown 
In  Figure  11.  A  washer  with  a  recessed  hole  was  Installed  under  the 
bolt  head  so  that  when  the  bolt  was  torqued  down  there  would  be  a  load 
transfer  through  the  bolt  Into  the  Insert  and  Into  the  parent  material. 

The  10-32  size  bolt  was  torqued  to  35  Inch-pounds,  the  1/4-28  size  bolt 
was  torqued  to  70  Inch-pounds,  and  the  3/8-24  size  bolt  was  torqued  to 
245  Inch-pounds.  The  Initial  torque  for  each  size  bolt  was  recorded. 

The  breakaway  torque  before  starting  the  test  was  also  recorded.  The 
bolt  was  then  retorqued  to  the  original  value  and  the  specimens  were 
cycled  to  failure  or  106  cycles.  After  failure  of  the  parent  material 
the  breakaway  torque  of  the  two  remaining  bolts  was  recorded.  The 
torque  data  are  shown  In  Tables  3  through  23. 

All  fatigue  specimens  were  cycled  at  50  percent  of  the  parent  material 
(7075-T73)  ultimate  tensile  stress. 

The  test  machine  used  to  conduct  the  fatigue  tests  was  a  MTS  50  KIP 
capacity  universal  fatigue  test  machine.  The  test  set  up  Is  shown  In 
Figure  12.  All  tests  were  conducted  at  room  temperature  In  ambient  air. 
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All  of  the  fatigue  tests  Mere  conducted  at  a  stress  ratio  of  Min.  Stress/ 
Max.  Stress  of  0.1  (tension-tension).  The  test  frequency  was  25  Hz  for 
the  5/16-Inch  and  l/2-1nch  thick  material  and  15  Hz  for  the  3/4-1nch 
thick  material . 

1 .  RESULTS 

Fatigue  tests  on  the  7075- T73  alloy  were  conducted  on  specimens 
with:  (1)  threaded  holes.  (2)  with  Inserts  In  the  threaded  holes,  and 
(3)  bolts  Installed  In  the  Inserts.  A  statistical  analysis  Indicates 
that  the  Installation  of  the  Inserts  alone  Increased  the  fatigue  life 
over  the  threaded  holes  for  all  cases  except  for  specimens  with  Torkon 
and  Groov-PIn  Inserts.  This  analysis  Is  based  on  data  taken  from  Tables 
25  and  26  and  the  results  are  shewn  In  Table  34.  Additional  tests  with 
bolts  Installed  In  the  Inserts  Indicated  a  further  Increase  In  fatigue 
life  for  all  specimens  Including  the  specimens  with  Torkon  and  Groov-PIn 
Inserts:  although  the  overall  Increase  for  specimens  with  Torkon  and 
Groov-PIn  Inserts  when  compared  with  the  threaded  hole  only,  was  less. 

More  Important:  however,  Is  the  total  fatigue  life  of  the  overall  system 
with  the  fastener  Installed. 

The  results  of  all  of  the  fatigue  test  data  are  tabulated  In  Tables 
25  through  33  and  summarized  In  the  bar  graphs  shown  In  Figures  14  through 
17.  The  pattern  of  the  fatigue  failures  did  not  seem  to  change  between 
the  5/1 6- Inch  (10-32  Inserts)  thick  plate,  the  l/2-1nch  (1/4-28  Inserts) 
thick  plate,  and  the  3/4- inch  (3/8-24  Inserts)  thick  plate.  A  failed 
fatigue  specimen  Is  shown  In  Figure  13.  Photo  macrographs  of  representa¬ 
tive  failed  specimens  are  shown  In  Figures  22  through  45.  The  averages 
of  the  breakaway  torque  before  and  after  fatigue  testing  are  shown  In 
Table  24.  In  general  the  breakaway  torque  either  Increased  or  remained 
essentially  the  same.  Above  tests  were  for  1/4-28  Inserts  only. 

Results  of  other  size  Inserts  with  bolts  are  shown  In  bar  graphs  In 
Figure  16  and  Figure  17. 
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SECTION  VIII 

TENSILE  STRENGTH  PULL  OUT  SPECIMEN  PREPARATION 


The  specimens  as  shown  In  Figure  18  were  machined  by  Millet  Indus¬ 
tries  Corporation,  Dayton,  Ohio.  The  specimens  were  machined  from  1-1/2 
Inch  diameter  7075- T73  aluminum  bar.  The  holes  for  all  three  sizes  of 
Inserts  (10-32,  1/4-28,  3/8-24)  were  drilled  and  tapped  In  accordance 
with  the  Insert  manufacturer's  recommended  Instructions.  All  holes  were 
checked  for  go/no-go.  The  Installation  of  all  Inserts  were  the  same  as 
detailed  In  the  section  on  Insert  Installation. 

1 .  EXPERIMENTAL 

The  tensile  strength  pull  out  tests  were  conducted  on  a  50,000-pound 
capacity  FGT  testing  machine.  All  tensile  tests  for  insert  pull  out  were 
conducted  at  room  temperature  at  a  loading  rate  of  approximately  100  KSI 
per  minute.  The  test  set  up  Is  shown  In  Figure  19.  The  bolts  used  were 
as  follows.  Bolts  for  the  10-32  size  Inserts  were  part  number  BM55132-3-30A, 
bolts  for  the  1/4-28  size  Inserts  were  part  number  BM9022-4-36,  and  the 
bolts  used  for  the  3/8-24  size  Inserts  were  part  number  BM3306-6-35. 

The  bolt  material  was  H-ll  steel. 


The  length  of  all  Inserts  was  approximately  1-1/2  times  the  Insert 
diameter.  The  Inserts  were  Installed  In  the  specimens  to  a  depth  equal¬ 
ing  the  full  length  of  the  Insert.  The  bolt  used  for  pulling  the  Insert 
out  of  the  parent  material  was  screwed  Into  the  Insert  until  two  threads 
of  the  bolt  extended  beyond  the  length  of  the  Insert.  A  new  bolt  was 
used  for  each  test. 


Tensile  strength  pull  out  tests  were  performed  on  six  specimens  of 
each  size  submitted  by  all  seven  manufacturers.  All  tensile  tests  were 
conducted  to  failure  so  as  to  establish  the  ultimate  pull  out  load  of 
the  Installed  Insert  or  the  failure  load  of  the  bolt, 
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2.  RESULTS  OF  TENSILE  PULL  OUT  TESTS 

The  results  of  the  axial  strength  tests  Is  given  In  Table  35. 

The  type  of  axial  strength  test  failure  for  all  of  the  Inserts 
tested  was  either  the  bolt  failed  or  the  threads  of  the  parent  material 
pulled  out.  There  was  never  a  failure  of  the  Insert  material  or  the 
bolt  threads  stripping  off.  In  Table  35,  It  Is  Indicated  by  an  asterisk 
(*)  denoting  the  tests  In  which  the  bolt  failed  prior  to  Insert  pull  out. 
Shown  In  Table  36  Is  an  average  of  the  axial  tensile  strength  of  the 
Inserts  according  to  type. 
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SECTION  IX 

LOCKING  AND  BREAKAWAY  TORQUE  TESTS 


1.  SPECIMEN  PREPARATION 

The  Inserts  of  all  three  sizes  were  Installed  In  a  1"  X  3"  X  12" 
7075-T73  aluminum  plate  as  shown  In  Figures  20  and  21.  A  separate  plate 
was  used  for  each  manufacturer's  Insert.  The  Insert  Installation  proce¬ 
dures  were  the  same  as  previously  stated.  The  tests  were  performed  In 
accordance  with  the  general  provisions  of  Specification  M1L-N-25027C. 

In  all  cases  cadmium  plated  steel  bolts  were  used.  Each  test  consisted 
of  15  locking  and  breakaway  cycles.  The  locking  and  breakaway  torque 
were  recorded  for  each  cycle.  A  new  bolt  was  used  for  each  15  cycle 
test.  The  1"  X  3"  X  12"  plate  was  clamped  to  the  surface  of  a  work 
bench.  All  tests  were  accomplished  manually.  The  torque  wrenches  used 
were  as  follows:  for  the  10-32  Inserts  a  Sturtevant  Memory  Model  MC25-1 , 
0-25  Inch-pounds;  for  the  1/4-28  Inserts,  a  Sturtevant  Memory  Model  MC50-1, 
0*50  Inch-pounds  wrench;  and  for  the  3/8-24  size  Inserts,  a  Sturtevant 
Memory  Model  MC300-1 ,  0-300  Inch-pounds  wrench  was  used.  To  start  the 
test,  the  test  bolt  was  finger  screwed  Into  the  Insert  to  the  locking 
mechanism.  Then  using  the  torque  wrench  the  bolt  was  screwed  several 
revolutions  into  the  Insert  making  sure  the  locking  mechanism  was  fully 
engaged,  All  Inserts  had  both  external  and  Internal  locking  mechanisms. 
There  were  three  types  of  locking  mechanisms;  nonmetal  11c,  metallic  and 
what  Hell-Coil  and  Trl dal r  refer  to  as  resilient  locking  thread. 


2.  RESULTS 

The  results  of  the  locking  and  breakaway  torque  tests  for  the  10-32 
size  Inserts  are  given  In  Tables  37  through  43.  There  Is  no  data  for 
the  10-32  size  Inserts  Installed  by  Kaynar  because  the  specimens  were 
not  returned  to  AFML.  The  results  of  the  locking  and  breakaway  torque 
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tilt*  for  tha  1/4-28  Inserts  ara  given  In  Tables  44  through  50.  The 
results  of  the  locking  and  breakaway  torque  tests  for  the  3/6-24  size 
Inserts  are  given  In  Tables  51  through  57.  The  average  of  first  cycle 
locking  and  breakaway  torque,  the  average  of  the  seventh  cycle  locking 
and  breakaway  torque,  and  the  average  of  the  15th  cycle  locking  and 
breakaway  torque  for  each  size  Insert  and  for  each  manufacturer  Is  given 
In  Table  58. 


During  the  torque  tests  no  rotation  of  Inserts  were  observed. 
There  was  only  one  noticeable  abnormality.  During  the  testing  of  one 
of  Trldalr's  10-32  Inserts  after  five  cycles  the  Insert  lost  Its  lock- 
ability.  The  torque  was  not  measurable,  and  the  bolt  could  be  screwed 
past  tha  locking  mechanism  with  fingers. 
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SECTION  X 
CORROSION  TESTS 

The  corrosion  test  specimens  were  machined  es  shown  In  Figure  'i8. 

The  specimens  were  made  from  1-1/2  Inch  diameter  7075-T73  aluminum, 

Specimens  were  made  only  for  the  1/4-28  size  Inserts.  The  Installation 
of  all  Inserts  was  the  same  as  detailed  In  the  section  on  Insert  Installa¬ 
tion. 

Prior  to  the  Installation  of  Inserts  Into  the  corrosion  specimen, 
and  after  all  machining  was  completed,  the  specimen  blocks  were  treated 
with  MIL-C-5541  chemical  surface  treatment. 

1 .  EXPERIMENTAL 

The  corrosion  tost  specimens  consisted  of  42,  1-1/2  Inch  dla.,  1 - 1 nch 
long  aluminum  block.  A  1/4-28  hole  was  made  In  each  blank.  Then  six 
1/4-28  size  Inserts  from  each  manufacturer  were  Installed.  Each  specimen 
was  then  assembled  with  NAS  1351  series  bolt  and  a  corrosion  resistant 
washer  as  shown  In  Figure  46.  Each  1/4-28  bolt  was  torqued  to  70  Inch- 
pounds.  The  corrosion  tests  were  conducted  In  accordance  with  ASTM-G44-75. 
The  corrosion  madia  was  3-1/2  percent  NaCl  solution.  The  specimens  were 
Immersed  In  the  solution  for  ten  minutes  and  out  of  solution  for  50  minutes. 
This  procedure  was  repeated  for  30  days. 

The  corrosion  madia  was  changed  weekly.  The  specimens  were  examined 
periodically  during  the  30-day  corrosion  test. 

After  the  completion  of  the  30-day  corrosion  test,  the  specimens  were 
sectioned  in  half  with  the  bolt  still  Intact.  Due  to  the  hardened  surface 
of  the  Groov-PIn  Inserts,  It  was  not  possible  to  cut  through  that  Insert 
with  the  saw  being  used. 
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2.  RESULTS  OF  CORROSION  TESTS 

The  corrosion  test  specimens  were  sectioned  In  half  after  the  com¬ 
pletion  of  the  alternate  Immersion  corrosion  tests.  Figures  47  through 
53  show  the  specimens  immediately  after  sectioning  with  corrosion  products 
In  place,  and  Figures  56  through  62,  show  the  same  specimens  after  clean¬ 
ing.  All  of  the  specimens  showed  evidence  of  pitting  corrosion  In  the 
lower  portion  of  the  drilled  hole  below  the  Insert.  Surprisingly,  and 
considering  the  lack  of  any  sealant  or  other  protective  medium,  no  evi¬ 
dence  of  corrosion  was  observed  at  the  Insert-parent  material  Interface 
of  any  of  the  Inserts  configuration  except  for  the  self-tapping.  Pitting 
was  observed  throughout  the  length  of  the  hole  In  the  parent  material 
where  the  self-tapping  Insert  was  used.  At  least  part  of  this  corrosion 
was  due  to  the  Intrusion  of  the  corrosive  medium  through  the  transverse 
cutting  holes.  It  Is  possible  that  the  corrosion  was  due  to  a  lack  of 
plating  on  the  self-tapping  Insert.  In  no  case  was  there  evidence  of 
any  corrosion  of  any  of  the  Insert  material  Including  the  self-tapping 
Insert  material . 

It  Is  emphasized  that  these  corrosion  tests  were  conducted  under 
laboratory  conditions,  limiting  the  total  exposure  period  to  approximately 
720  hours  under  no  loads.  Long-term  field  effects  of  corrosion  should 
not  be  predicted  from  these  results. 
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SECTION  XI 
CONCLUSIONS 


The  work  In  this  report  was  conducted  at  the  request  of  the  Air 
Force  Aeronautical  Systems  Division  to  obtain  data  necessary  for  the 
design  of  structures  containing  various  types  of  Inserts.  While  the 
Inserts  varied  In  relative  performance  under  different  conditions,  none 
failed  to  meet  any  Air  Force  standards  or  requirements.  Obviously  many 
other  factors  Including  cost,  availability,  etc.  should  be  considered 
In  making  Insert  selections.  With  this  In  mind,  the  following  con¬ 
clusions  are  offered. 


1.  It  was  found  that  hole  preparation  Is  very  Important.  The  hole  for 
the  self-tapping  Insert  Is  less  critical  than  for  the  pre-tapped 
hole,  The  hole  should  not  be  out  of  round,  If  It  Is,  the  threads 
cut  will  not  be  uniform  In  depth. 


2.  The  torque  required  when  Installing  the  larger  diameter  self- tapping 
Insert  Is  relatively  high,  The  torque  required  to  Install  the 
3/8-24  size  Insert  In  the  7075-T73  alloy  was  greater  than  60  ft-lbs. 


3.  The  fatigue  life  of  the  parent  material  with  a  threaded  hole  was 
generally  Increased  by  the  Installation  of  an  Insert.  The  fatigue 
life  of  the  parent  material  Insert  system  was  further  Increased 
when  a  bolt  was  Installed  and  torqued  to  the  specified  load. 


4,  The  breakaway  torque  of  the  bolts  In  the  Inserts  was  measured  after 
.fatigue  cycling  and  showed  Increased  values  over  the  Initial  measured 
breakaway  torque. 


5.  In  the  tensile  pull  out  test  the  threads  of  the  parent  material 
sheared  or  the  bolt  Itself  failed. 


6.  The  locking  and  breakaway  torque  of  the  bolts  were  highest  after 
the  first  few  torque  cycles.  The  locking  and  breakaway  torque 
declined  thereafter  to  a  point  where  they  seem  to  level  out  for  the 
remainder  of  the  test. 


7.  There  was  no  evidence  of  corrosion  of  the  Inserts  Installed  In  the 
7076-T73  aluminum  alloy  or  of  the  threads  of  the  parent  material, 
except  for  the  threads  of  the  parent  material  with  self-tapping 
Inserts  which  were  not  plated. 
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TABLF  3 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLT  INITIALLY  TORQUED  TO  35  IN-LBS 


KAYNAR 

INSERTS 

10-33, 

AFML  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TORQUE  IN-LBS 
TEST  2 

TEST  3 

BEFORE 

TEST 

T 

26. A 

28.8 

27.6 

BEFORE 

TEST 

C 

23.2 

33.6 

32. A 

BEFORE 

TEST 

B 

30 

32. A 

31.2 

AFTER 

TEST 

T 

32. A 

--- 

26. A 

AFTER 

TEST 

C 

28. 8 

— 

AFTER 

TEST 

B 

36.0 

26.  A 

28.8 

10-33, 

,  FACTORY  INSTALLED 

BEFORE 

TEST 

T 

26. A 

32. A 

2B.8 

BEFORE 

TEST 

C 

26. A 

31.2 

27.6 

BEFORE 

TEST 

B 

25.2 

30.0 

31.2 

AFTER 

TEST 

T 

.... 

A3. 2 

25.2 

AFTER 

TEST 

c 

27.6 

28.8 

26. A 

AFTER 

TEST 

B 

25.2 

- - 

NOTH!  T  »  Tor  HOLE  DUII1.HC  TEST 

C  "  CENTER  HOLE  DUKIMi  TEST 
T  »  BOTTOM  HOLE  Dl'KINC  T>.ST 
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TABLE  4 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLT  INITIALLY  TORQUED  TO  70  IN-LBS 


KAYNAR 

INSERTS 

1/4-28, 

AFML  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TORQUE  IN-I.BS 
TEST  2 

TEST  3 

BEFORE 

TEST 

T 

54 

55.2 

57.6 

BEFORE 

TEST 

C 

54 

55.2 

57.6 

BEFORE 

TEST 

B 

52.0 

55.2 

60 

AFTER 

TEST 

T 

49.2 

54 

62.4 

AFTER 

TEST 

C 

66 

— 

AFTER 

TEST 

B 

57.6 

55.2 

1/4-28, 

FACTORY  INSTALLED 

BEFORE 

TEST 

I 

52.8 

49.2 

60 

BEFORE 

TEST 

C 

55.2 

52,0 

67.2 

BEFORE 

TEST 

B 

61.2 

49.2 

61,2 

AFTER 

TEST 

T 

51.6 

AFTER 

TEST 

C 

52.8 

61.2 

50.4 

AFTER 

TEST 

B 

46 

45.6 

NOTKt  j  .  TOP  HOLE  DURING  TEST 

c  "  n-iiTF.n  iior.i:  i.aiimin  test 
b  -  "ottom  lioi.u  mmiiio  test 
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TABLE  5 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLTS  INITIALLY  TORQUED  TO  245  IN-LBS 


KAYNAH  INSERTS 

3/S-24,  A7ML  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TORQUE 

TEST 

IN-LBS. 

2  TEST  3 

BEFORE 

TEST 

T 

194.4 

177.6 

188.4 

BEFORE 

TEST 

C 

192.0 

177.6 

194.4 

BEFORE 

TEST 

B 

192.0 

164.4 

174.8 

AFTER 

TEST 

T 

— 

277.2 

271.2 

AFTER 

TEST 

C 

247.2 

289.2 

AFTER 

TEST 

B 

236.8 

— 

184.8 

_a/_e-24 . 

,  FACTORY  INSTALLED 

BEFORE 

TEST 

T 

204 

163.6 

187.2 

BEFORE 

TEST 

C 

198 

249.6 

188,4 

BEFORE 

TEST 

B 

193.6 

284.4 

122.4 

AFTER 

TEST 

T 

— 

*-■ 1 

360.0 

AFTER 

TEST 

C 

303.6 

332.4 

399.6 

AFTER 

TEST 

B 

398. 4 

316,8 

NOTB t  T  -  TOl1  110L1S  UUUINO  TKRT 


C  »  CENTER  1101,1'.  tHIIU  NO  TEST 
U  -  BOTTOM  1I0US  DURING  TEST 
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TABLE  6 


BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLT  INITIALLY  TORQUEO  TO  35  IN-LBS 


0R00V-F1N  INSERTS 

10-32. 

AFMl  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TORQUE  IN-LBS. 
TEST  2 

TEST  3 

BEFORE 

TEST 

T 

37.2 

32.4 

30.0 

BEFORE 

TEST 

0 

100.8* 

27.6 

28.8 

BEFORE 

TEST 

B 

28.8 

31.2 

61.2 

after 

TEST 

T 

MMM 

39.6 

MMM 

AFTER 

TEST 

C 

92.4* 

37.2 

34.8 

AFTER 

TEST 

B 

44.4 

... 

63.6 

10-32, 

FACTORY  INSTALLED 

BEFORE 

TEST 

T 

43.6 

36.0 

34.8 

BEFORE 

TEST 

C 

33.6 

31.2 

24.0 

BEFORE 

TEST 

B 

36.0 

30,0 

55.2 

AFTER 

TEST 

T 

MMM 

32.4 

— 

AFTER 

TEST 

C 

38,4 

45,6 

49.2 

AFTER 

TEST 

B 

38, 4 

MMM 

38.4 

NOTH)  t  -  T01'  1101, U  bUIUNfl  TEST 

0  -  CENTER  IIOI.U  IHIRJNfl  TEST 
H  "  BOTTOM  1101, K  DUIUNC  TEST 


*Bo1t  wu  abnormally  tight  In  the  Imart  threads 
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BREAKAWAY  TOR 
TESTS  -  BOLT 


TABLE  7 

gUE  BEFORE  AND  AFTER  FATIGUE 

Initially  torqued  to  70  in-lbs 


OROOV-PIN  INSERTS 

1/4-28,  APKI,  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TORQUE  IN-LBS i 
TEST  2 

t 

TEST  3 

BEFORE 

TEST 

T 

58.8 

61.2 

56.4 

BEFORE 

TEST 

C 

62.4 

60  iO 

76.6 

B EVOKE 
TEST 

B 

66.0 

66.0 

61.2 

AFTER 

TEST 

T 

— 

— 

82.8 

AFTER 

TEST 

C 

81.6 

51,6 

-- - 

AFTER 

TEST 

1/4-28, 

B 

FACTORY  INSTALLED 

37.6 

56.4 

62.4 

BEFORE 

TEST 

T 

52.8 

62.8 

67.2 

BEFORE 

TEST 

C 

62.4 

57.4 

57.6 

BEFORE 

TEST 

B 

60.0 

60,0 

62.4 

AFTER 

TEST 

T 

73.2 

78. 0 

76.6 

AFTER 

TEST 

C 

— 

76.8 

68.4 

AFTER 

TEST 

B 

64,8 

totaw. 

NOTE! 


T  •  TOP  HOLE  DURING  TEST 
C  »'  CENTER  HOI .1*  ItUIUNU  TWIT 
II  «■  BOTTOM  1101, K  IHIIUNfi  TEST 
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TABLE  9 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLT  INITIALLY  TORQUED  TO  35  IN-LBS 


HELI-COIL  INSERTS 

10-32,  AFML  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TOROUE  IN-LBS. 
TEST  2 

TEST  3 

BEFORE 

TEST 

T 

31.2 

31.2 

32,4 

BEFORE 

TEST 

0 

26.4 

33.6 

31.2 

BEFORE 

TEST 

B 

28. 8 

36.0 

33.6 

AFTER 

TEST 

T 

43.2 

— 

51.6 

AFTER 

TEST 

C 

42,0 

45.0 

AFTER 

TEST 

B 

43.2 

46. 8 

— 

10-32, 

FACTORY  INSTALLED 

BEFORE 

TEST 

T 

33.6 

60.0 

33.6 

BEFORE 

TEST 

C 

34.8 

34.8 

31.2 

BEFORE 

TEST 

B 

33.6 

36.0 

31.2 

AFTER 

TEST 

T 

37.2 

— 

— 

AFTER 

TEST 

C 

— 

34. a 

39.6 

after 

test 

B 

48.0 

45.6 

39.6 

NOTH  I  T  «  TOl'  HOLE  mill]  NO  THAT 


0  “  CENTER  IIQI, F.  milUNCI  TEST 
B  »  BOTTOM  HOLE  DUIltNO  TEST 
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TABLE  10 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  •  BOLT  INITIALLY  TORQUED  TO  70  IN-LBS 


HELI-COIL  INSERTS 


1/4-28,  AFML  INSTALLED 


HOLE 

LOCATION 

TEST  1 

TORQUE  IN¬ 
TEST  2 

-LBS. 

TEST  3 

BEFORE 

TEST 

T 

60,0 

61.2 

70.0 

BEFORE 

TEST 

0 

61.2 

63.6 

60.0 

BEFORE 

TEST 

B 

62.4 

63.6 

62.4 

AFTER 

TEST 

T 

93.6 

93.6 

94.8 

AFTER 

TEST 

0 

91.2 

93.6 

AFTER 

TEST 

B 

105.6 

■«* 

MM  — 

ILtlh 

FACTORY  INSTALLED 

BEFORE 

TEST 

T 

50.4 

66.0 

62.4 

BEFORE 

TEST 

0 

67.2 

62.4 

60.0 

BEFORE 

TEST 

B 

52.6 

SB.  8 

64,8 

AFTER 

TEST 

T 

MMM 

60,0 

61.6 

AFTER 

TEST 

C 

93,6 

-- 

85,2 

AFTER 

test 

B 

93,6 

86.4 

M.M 

HOI  13 1  y  .  Tflp  HQlE  UUR1Na  xEST 

C  “  CENTER  |ioi,K  miiUNC  THAT 
8  -  BOTTOM  IIOMi  UUIUNQ  TEST 


29 


AFML-TR-78-1Q7 


TABLE  11 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  ■  BOLT  INITIALLY  TORQUED  TO  245  IN-LBS 


HBLI-COIl  INSERTS 

3/8-24,  Arm,  INSTALLED 

HOLE 

TORQUE 

IN-LBS. 

LOCATION 

TEST  1 

TEST 

2  TEST  3 

BEFORE 

TEST 

T 

IBB,  4 

204,0 

187.2 

BEFORE 

TEST 

C 

204.0 

237.6 

249.6 

BEFORE 

TEST 

n 

295.6 

297.6 

233.2 

AFTER 

TEST 

T 

336 

327.6 

— 

AFTER 

TEST 

c 

368.4 

314.4 

343,2 

AFTER 

TEST 

B 

— 

— 

336.4 

3/8-24, 

FACTORY  INSTALLED 

BEFORE 

TEST 

T 

206.4 

208. B 

339.6 

BEFORE 

TEST 

C 

18R.4 

20B.B 

324. 

BEFORE 

TEST 

B 

19B.0 

187. 2 

336, 

AFTER 

TEST 

T 

296.4 

288.0 

343.6 

AFTER 

TEST 

C 

337.2 

345,6 

— 

AFTER 

TEST 

B 

— 

— 

33S.4 

NOTH  i  T  -  TOT'  Hour,  milUNfl  TEST 

C  -  CENTER  1101. E  IHIKl  M< t  TBS l* 
«  u  JIOTTCIM  HOLE  DURING  TEST 
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TABLE  12 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLT  INITIALLY  TORQUED  TO  35  IN-LBS 


LONG-M 

IK  .INSERTS 

10-32, 

AFMI,  INSTALLED 

HOLE 

LOCATION 

TEST 

TORQUE  IN-LBS. 
1  TEST  2 

TEST  3 

BEFORE 

TEST 

T 

32.4 

32.4 

30.0 

BEFORE 

TEST 

C 

34.8 

32.4 

30.0 

BEFORE 

TEST 

B 

33,6 

33.6 

36.0 

AFTER 

TEST 

T 

38.4 

33.6 

34.8 

AFTER 

TEST 

C 

— 

mmm 

AFTER 

TEST 

B 

32.4 

38.4 

38.4 

10-32, 

FACTORY  INSTALLED 

before 

TEST 

T 

31.2 

34.8 

33.2 

BEFORE 

TEST 

C 

26,4 

32.4 

28.8 

BEFORE 

TEST 

B 

30.0 

33.6 

34.8 

AFTER 

TEST 

T 

— 

— 

60.6 

AFTER 

TEST 

C 

36.0 

37.2 

40.8 

AFTER 

TEST 

B 

23,6 

38,4 

NOT IS)  T  «  TO)’  1101, K  DUIUNfi  TiSSl' 


0  “  CENTER  1101, i:  WIPJ.NO  TTST 
B  -  BOTTOM  1101, K  IHHUNCI  II', ST 
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TABLE  13 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLT  INITIALLY  TORQUED  TO  70  IN-LBS 


LONO-LOK  INSERTS _ 

1/4-28,  AFHL  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TORQUE.  IN-LBS . 
TEST  2 

TEST  3 

BEFORE 

TEST 

T 

64,6 

56.4 

62,4 

BEFORE 

TEST 

0 

62.4 

SB. 6 

63.6 

BEFORE 

TEST 

B 

62.4 

58.8 

63.6 

AFTER 

TEST 

T 

4Q.0 

— 

58. a 

AFTER 

TEST 

C 

S7.6 

68.4 

66.0 

AFTER  B  ...  . 

TEST 

FACTORY  INSTALLED 

61.2 

Maun 

BEFORE 

TEST 

T 

60.0 

64.8 

60.0 

BEFORE 

TEST 

0 

62.4 

35,2 

60.0 

BEFORE 

TEST 

n 

SB. 8 

60.0 

37.6 

AFTER 

TEST 

T 

4* 

— 

AFTER 

TEST 

0 

— 

61.2 

51.6 

AFTER 

TEST 

B 

62.4 

62,4 

67.2 

NOT!!  T  «  TOf  HOLE  DURING  TEST 

C  ■  CENTER  HOLE  mild  NO  THAT 
B  -  BOTTOM  HOLE  DUJUNO  TEST 


iirriBiW 
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TABLE  IS 


BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLT  INITIALLY  TORQUED  TO  35  IN-LBS 


JBBfiAOHSJSMJL _ 


Mills  ANO  JL/\UUBU 

HOLE 

LOCATION 

TEST 

TORQUE  IN-LBS. 
1  TEST  2 

TEST 

BEFORE 

TEST 

T 

28.8 

26.4 

30.0 

BEFORE 

TEST 

C 

30.0 

34.  a 

34. B 

BEFORE 

TEST 

B 

30.0 

30.0 

32.4 

AFTER 

TE8T 

T 

34.fi 

33.6 

32.4 

AFTER 

TEST 

C 

— 

36.0 

AFTER 

TEST 

B 

33.6 

- - 

27.6 

10-32, 

FACTORY  INSTALLED 

BEFORE 

TEST 

T 

32.4 

34.8 

36.0 

BEFORE 

TEST 

C 

34,8 

28.8 

37.2 

BEFORE 

TEST 

B 

33.6 

31.2 

33.6 

AFTER 

TEST 

T 

26,4 

34,8 

33.6 

AFTER 

TEST 

C 

28.  B 

24,0 

31.2 

AFTER 

TEST 

B 

— 

— 

— 

NOTH  I  T  -  TOT  I  M1.E  DURUM  TEST 

C  ■  CENTER  1101. H  Ut'Ul  Nci  THflT 
0  -  HOT TO II  IIOI.H  DURING  TEST 


fcT-  - 
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TABLE  16 


BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  •  BOLT  INITIALLY  TORQUED  TO  70  IN-LBS 


ROSAN  INSERTS 

1/4-28. 

AFML  INSTALLED 

HOLE 

LOCATION 

TEST  1. 

TORQUE 

TEST 

IN-LBS. 

2  TEST  3 

BEFORE 

TEST 

T 

46.8 

44.4 

43.2 

BEFORE 

TEST 

C 

57.6 

44.4 

50.4 

BEFORE 

TEST 

B 

54.0 

45.6 

51,6 

AFTER 

TEST 

T 

73,2 

69.6 

— 

AFTER 

TEST 

C 

4,8* 

— 

85. 2 

AFTER 

TEST 

B 

— 

72.0 

— 

1/4-28, 

FACTORY  INSTALLED 

BEFORE 

TEST 

T 

55.2 

49.2 

62,4 

BEFORE 

TEST 

0 

62.4 

74.4 

5B.8 

BEFORE 

TEST 

B 

69.6 

54.0 

62.4 

AFTER 

TEST 

T 

62.4 

50.4 

61.2 

AFTER 

TEST 

C 

— 

64. a 

56.4 

AFTER 

TEST 

» 

55.2 

— 

— 

01 El  T  ■  TOP  HOLE  DURING  TEST 

C  “  CENTER  HOLE  DURING  TKMT 
U  ■  BOTTOM  HOMi  DURING  TEST 


m 


i 


i 

it! 


9 

•| 

’3b 


I 


*  Partial  feilure  at  center  hole. 


i 

m 

3 
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TABLE  17 


BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLTS  INITIALLY  TORQUED  TO  245  IN-LBS 


ROSAN  INSERTS 

3/8-24. 

AFML  INSTALLED 

HOLE 

LOCATION 

TEST  I 

TORQUE  IN-LBS. 

TEST  2  TEST  3 

BEFORE 

TEST 

T 

154.8 

147.6 

V’0.2 

BEFORE 

TEST 

C 

166. 8 

200.4 

177.6 

BEFORE 

TEST 

B 

169.2 

170.4 

157.2 

AFTER 

TEST 

T 

— 

— 

286.8 

AFTER 

TEST 

C 

186 

308.4 

300 

AFTER 

TEST 

B 

232. B 

242.4 

— - 

3/8-24. 

FACTORY  INSTALLED 

BEFORE 

TEST 

T 

165.6 

172.8 

164.4 

BEFORE 

TEST 

C 

165.6 

172.8 

Iu4.4 

BEFORE 

TEST 

B 

165.6 

286.8 

l't7.6 

AFTER 

TEST 

T 

— 

— 

256.8 

AFTER 

TKST 

C 

249.6 

253.2 

— 

AFTER 

TEST 

B 

231.6 

237.6 

241.2 

NOTE:  T 

C 

-  TOP  MOt.K  DURING  TEST 
«  CENTER  HOLE  DURING  TEST 

B  “  BOTTOM  HOLE  DURING  TKST 


Is  . 


TABLE  IB 


BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESiS  -  BOLT  INITIALLY  TORQUED  TO  SB  IN-LBS 


IMPAIR  inserts 

-10-32.  AFHl  INSTALLEn 


HOLE 

location 


_  TORQUE  IN-LBS. 

TEST  1  TEST  2  TEST  3 


before 

TEST 

T 

33.6 

31.2 

28.8 

)  1 

>  'Vi 

1 

BEFORE 

TEST 

C 

30.0 

3.1.6 

32.4 

1  :5 

i  A 

BEFORE 

TEST 

R 

33,  S 

31,2 

32.4 

j  *7 

i  1 

i  ".'i 

after 

TEST 

T 

37.2 

43.2 

1  1 

1  5 

AFTER 

TEST 

C 

44, a 

45.6 

\ 

r 

AFTER 

TEST 

s 

44.4 

36.0 

i 

o 

JJh32|.  FACTORY  INSTAl.T.Pn_ 


before 

TEST 

r 

33.6 

36.0 

31.2 

.1 

BEFORE 

test 

c 

34.8 

27,6 

31.2 

before 

TEST 

B 

36.0 

34.0 

32.4 

•• 

AFTER 

TEST 

after 

TEST 

after 

TEST 


T 

C 

B 


30.0 

39.6 


37.2 

24.0 


l  u  T0»>  hole  OUiUNU  TENT 
c  *  CENTER  hole  during  TEST 
0  “  BOTTOM  HOLE  DURIUC!  TEST 


37.2 

40.8 
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TABLE  19 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  •  BOLT  INITIALLY  TQRQUED  TO  70  IN-LBS 


TRTDAIR  INSERTS 

1/4-28, 

AFML  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TORQUE  IN-US, 

test  2 

TEST 

BEl'ORE 

TEST 

T 

68.4 

62,4 

52.8 

BEFORE 

TEST 

C 

63.6 

61.2 

• 

61.2 

BEFORE 

TEST 

8 

43.2 

63.6 

67.2 

AFTER 

TEST 

T 

78.0 

■■■ 

85.2 

AFTER 

TEST 

C 

— 

64. e 

AFTER 

TEST 

B 

A9.6 

92.4 

62.4 

FACTORY  INSTALL! 

Ift 

BEFORE 

TEST 

T 

60.0 

63.6 

37.6 

BEFORE 

TF.8T 

C 

61,2 

61.2 

60.0 

BEFORE 

TEST 

b 

63.6 

49.2 

64.8 

AFTER 

TF.8T 

T 

— 

— 

80.4 

AFTER 

TEST 

C 

63.4 

81.fi 

74.4 

AFTER 

TEST 

B 

69.6 

6,1.6 

— 

Non; i  r  „  Top  uolE  DU1UN0  TEST 

C  -  CENTER  HULK  1)1111  NO  TEST 
n  «  bottom  iioi.u  miuiNfi  test 
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TABLE  20 


BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLTS  INITIALLY1  TORQUED  TO  245  IN-LBS 


3/8-24, 

afml  installed 

H01.S 

LOCATION 

TEST  1 

TORQUE  IN-LBS. 

TEST  2  TEST  3 

BEFORE 

TEST 

T 

174.0 

178.6 

186 

BEFORE 

TEST 

C 

190.8 

181.2 

192 

BEFORE 

TEST 

B 

194.4 

199.2 

188.4 

AFTER 

TEST 

T 

339.6 

— 

AFTER 

TEST 

C 

— 

331.2 

320.4 

AFTER 

TEST 

B 

285.6 

352.8 

373.2 

3/8-24 

,  FACTORY  INSTALLED 

BEFORE 

TEST 

T 

168.4 

192 

189.6 

BEFORE 

TEST 

C 

189.6 

204 

226 

BEFORE 

TEST 

U 

220.8 

206.4 

207.6 

AFTER 

TEST 

T 

302.4 

213.6 

367.2 

AFTER 

TEST 

C 

— 

235.2 

— 

AFTER 

TEST 

B 

258 

— 

327.6 

NOTE)  T  -  TOR  HOUR  MINT  NO  TORT 

C  "  CBIJTKH  HO), H  DUUfNCJ  TENT 

u  «  bottom  iiolu  ihjiuno  rear 
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TABLE  21 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TEST5  -  BOLT  INITIALLY  TORQUED  TO  3B  IN-LBS 


TORKON  INSERTS _ 

10-32.  ATOl  INSTALLED 

HOLE 

LOCATION 

TEST  1 

TORQUE  IN-LBS. 
TEST  2 

TEST  3 

BEFORE 

TEST 

T 

31.2 

30,0 

31.2 

BEFORE 

TEST 

C 

28.6 

31.2 

32.4 

BEFORE 

TEST 

B 

26,8 

26.8 

31.2 

AFTER 

TEST 

T 

39.6 

31.2 

33.6 

AFTER 

TEST 

C 

46.8 

30.0 

34.8 

AFTER 

TEST 

10-32, 

3  MUM 

FACTORY  INSTALLED 

WMli 

*•»•* 

BEFORE 

TEST 

T 

26,4 

26.4 

26.4 

BEFORE 

TE8T 

C 

30.0 

25.2 

27.6 

BEFORE 

TE8T 

B 

26.4 

27.6 

27.6 

AFTER 

TEST 

T 

27.6 

31,2 

32.4 

AFTER 

TEST 

C 

— 

— 

— 

AFTER 

TEST 

B 

28,8 

30.0 

39.6 

NOTH  i  T  -  TOl*  HOLE  DUIUNO  TEST 

C  -  CENTER  1101, B  DURtNCI  TRST 
B  ■  BOTTOM  HULK  milUNCI  TRST 
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TABLE  22 


BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATlfiuf 

TESTS  .  sou  initial""  roK  TO  "  Ess 


TORKON  INSERTS 
1/4-28,  Am  INSTALLED 


HOLE 

LOCATION 

TS8T  1 

torque  in-lbs. 

TEST  2  TEST  3 

BEFORE 

TEST 

T 

so.o 

57.fi 

60.0 

BEFORE 

TEST 

0 

3fl.fi 

fiOtO 

64.fi 

BEFORE 

TEST 

B 

<1.2 

55.2 

63.fi 

AFTER 

TEST 

T 

60,0 

AFTER 

TE&I 

C 

64.fi 

60.0 

62.4 

Arm 

TEST 

B 

— 

58.8 

42.0 

FACTOR  7NJTA,-1»n 

BltFORE 

TEST 

T 

B7.fi 

55.2 

51.6 

BEFORE 

TEST 

C 

52.fi 

52.8 

42.0 

before 

TEST 

B 

52.8 

57.fi 

52.  S 

AFTER 

TEST 

T 

58. a 

l»MM 

49.2 

after 

TliBT 

C 

52, a 

57.6 

50.6 

AFTER 

TENT 

D 

70.  6 

— 

T  ■  TOP  HOLE  DURING  TEST 

C  ■  CENTRE  1101,15  DUtuf/O  VEST 
S  «  BOTTOM  HOLE  (HIKING  TEST 
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TABLE  23 

BREAKAWAY  TORQUE  BEFORE  AND  AFTER  FATIGUE 
TESTS  -  BOLTS  INITIALLY  TORQUED  TO  24B  IN-LBS 


TORKON  INSliRTS 

3/8-2A,  AFML  INSTALLED 

HOLE 

TORQUE  IN-LBS. 

LOCATION 

TEST  1 

TEST  2  TEST  3 

BEFORE 

TEST 

T 

196.  B 

201.6 

180 

BEFORE 

TEST 

0 

230. A 

199.2 

192 

BEFORE 

TEST 

B 

336 

178.8 

200.  A 

AFTER 

TEST 

I 

— 

3A0.8 

230.6 

AFTER 

TEST 

C 

28A.A 

231.6 

266. A 

AFTER 

TEST 

B 

21)6.8 

— - 

... 

3/0—24 i 

FACTORY  INSTALLED 

BEFORE 

TEST 

T 

177.6 

177.6 

18A.B 

BEFORE 

TEST 

0 

173.2 

166 

181.2 

BEFORE 

TEST 

B 

162.  A 

177.6 

193.2 

AFTER 

TEST 

T 

--- 

207.6 

26A 

AFTER 

TEST 

C 

2AB.A 

— 

226.0 

AFTER 

TEST 

» 

236,  A 

2A6 

... 

T  -  TOP  |101,v:  milllNO  TEST 
C  "  CENTER  1101, K  DUKIlin  TEST 
U  ™  BOTTOM  1101. K  mililfio  TEST 


mm!  i 
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TABLE  24 

THE  AVERAGE  BREAKAWAY  BOLT  TORQUE 
BEFORE  AND  AFTER  FATIGUE  TESTS 


INSERT 

MANUFACTURER 

SIZE- 10-32 

BOLTS  INITIALLY 

TOROUED  TO  35  IN-LBS 

SI2.E-1/4-28 

BOLTS  INITIALLY 
TOROUED  TO  70  IN-LBS 

SIZE-378-24 

BOLTS  INITIALLY 

TOROUED  TO  245  IN-LBS 

BEFORE 

TEST 

AFTER 

TEST 

BEFORE 

TEST 

AFTER 

TEST 

BEFORE 

TEST 

AFTER 

TEST 

KAYNAR 

29.2 

29.5 

56.1 

54.5 

198.2 

299.7 

ROSAN 

32.2 

31.4 

55.2 

67.4 

173.3 

252.1 

HELI-COIL 

34.0 

43.1 

61.7 

89.4 

216.3 

328.6 

TRIDAIR 

32.4 

38,5 

60.2 

75.7 

199.9 

308.9 

LONG-LOK 

33.4 

38.4 

60.6 

59.9 

200.2 

276.6 

TORKON 

28.7 

33.8 

56.4 

57.3 

197.2 

255.1 

GROOV-PIN 

35.3 

46.2 

61.7 

69.2 

194.3 

300 
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Table  25 


RESULTS  OF  FATIGUE  TESTS  OF  707S-T73 
ALUMINUM  ALLOY  WITH  1/4-28  THREADED 
HOLES  AND  SMOOTH  HOLES 


SPEC. 

HO. 

CONDITION 

OF  HOLES 

MAXIMUM 

STRESS 

KSI 

CYCLES  TO 
FAILURE  • 

SMOOTH  HOLES 
,350"  DIA. 

it 


THREADED  WITH 
1/4-28  Tap  fo 
Hal  leal  Coll 
Iniart 

ii 


THREADED  WITH 
1/4-28  TAP 


30,500 


27,900 

29,200 

29,600 

30,400 
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TABLE  25 

RESULTS  OF  FATIGUE  TESTS  OF  707B-T73  ALUMINUM 
ALLOY  WITH  1/4-28  THREADED  INSERTS  ONLY 


SPEC. 

INSERT  DATA 

IN3IMT 

MAX. 

CYCLES  TO 

COMMENTS 

NO. 

WO- BOLT 
INSERT 

om.  .. 

MANUFACTURER* 

PART  NR. 

INSTALLED 

BY 

STRESS 

FAILURE 

FAILURE 

LOCATION 

2-4 

KAYNAR 

K8000-4 

AFML 

32.0 

24,300 

Bottom 

2-3 

(I 

II 

II 

32.0 

32,400 

Top 

2-6 

— 

II 

II 

II 

32.0 

31,100 

Center 

2-14 

-- 

It 

II 

KAYNAR 

32.0 

27,400 

Bottom 

2-13 

— 

II 

II 

II 

32.0 

44,100 

Canter 

2-16 

II 

II 

II 

32.0 

33,000 

Bottom 

2-4 

— 

ROSAN 

SR-238I, 

AFML 

32.0 

32,700 

Top 

2-3 

— 

II 

14 

II 

32.0 

33,300 

Bottom 

2-6 

— 

II 

II 

II 

32.0 

31,300 

Top 

2-13 

-- 

.  M 

H 

ROSAN 

32.0 

30,300 

Cantor 

2-14 

M 

II 

II 

32.0 

30,500 

Center 

2-13 

II 

II 

3391-4CNW- 

II 

32.0 

50,800 

Top 

2-4 

— 

HELI-COIL 

0373 

AFML 

32.0 

30,000 

Center 

2-3 

-»• 

II 

II 

II 

32.0 

23,500 

Bottom 

2-6 

II 

It 

II 

32.0 

35,900 

Bottom 

2-13 

— 

II 

II 

KSLX- 

32.0 

34,500 

Top 

2-14 

— 

II 

II 

COIL 

32.0 

32,100 

Center 

2-13 

— 

II 

II 

II 

32.0 

34,600 

Center 

2-4 

TRIDA1R 

TLF-4C- 

AFML 

32.0 

41,400 

Top 

2-3 

— 

II 

37  3W 

II 

32.0 

33,500 

Bottom 

2-6 

— 

II 

II 

II 

32.0 

31,300 

Center 

2-13 

— 

II 

II 

TRIDAIR 

32.0 

27,800 

Top 

2-14 

— 

II 

II 

II 

32.0 

38,300 

Top 

2-13 

— 

II 

II 

II 

32.0 

35,100 

Bottom 

2-4 

— 

LONO-LOK 

T-048 

AFML 

32.0 

2B.600 

Top 

2-3 

— 

II 

II 

II 

32.0 

37,700 

Bottom 

2-6 

— 

(1 

II 

II 

32.0 

30,200 

Bottom 

2-13 

LONO-LOK 

32.0 

31,700 

Center 

2-14 

— 

It 

II 

II 

32.0 

29,300 

Top 

2-15 

-* 

II 

II 

32.0 

18,000 

Cantor 

2-4 

TORKON 

n  ion 

AKML 

33.0 

29,000 

Bottom 

2-3 

II 

-119 

tl 

33.0 

28,200 

Bottom 

2-6 

— 

*1 

II 

33.0 

27,800 

Top 

2-13 

II 

II 

TORKON 

33.0 

26,500 

Canter 

2-14 

II 

II 

33.0 

24,100 

Center 

2-13 

— 

II 

II 

II 

33.0 

24,400 

Bottom 

2-7 

— 

CROOV-PIN 

NM-2302B- 

AFML 

32,0 

25,700 

Top 

2-8 

— 

II 

-90 

II 

32.0 

29,300 

Top 

2-10 

II 

It 

II 

32,0 

22,800 

Bottom 

2*13 

— 

II 

II 

OROOV-PIN 

32.0 

23,400 

Center 

2-14 

— 

H 

II 

II 

32.0 

29,300 

Bottom 

2-13 

II 

II 

II 

32.0 

27,200 

Cantor 

i 

i 


i 
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3-4  HFG _  3591-6CSW  245  3/4  j  34,500  42,500 _ Failed  at  Bottoa  Hole 

3-5  XFG  245  3/4  I  34.500  41.800 _ Failed  at  Bottom  Hole 

3-6  HFG  _  245  3M  (  34.500  45,000  I  Failed  at  Center  Bole 
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TABLE  33 


HRIRRRRRHRIRSlRRflfllflRR 

iRlIBIlliilliilllllSi 


PERCENTAGE  INCREASE  OR  DECREASE  OP  THE  FATIGUE  LIFE  OF 
7075-T73  ALLOY  WITH  THREADED  HOLES  WHEN  1/4-28  INSERTS 
ARE  ADDED  OR  WHEN  INSERTS  AND  BOLTS  ARE  ADDED 


INSERT 

MANUFACTURER 

7075-T73  ALLOY 

WITH  INSERT 

7075-T73  ALLOY  WITH 
INSERT  AND  BOLT 

HELI-COIL 

5.2  X 

61. 4  X 

T RID AIR 

13. 4X 

49. OX 

ROSAN 

25.6% 

52. 7% 

KAYNAR 

6.5% 

34. 3X 

LONG-LOK 

2.4% 

39. 8X 

TORKON 

-10.0%  DECREASE 

22.  OX 

GROOV-PIN 

-12. 3X  DECREASE 

18. 8X 

53 
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THREAD 

SIZE 

10*32 

10-32 

10-32 

10-32 

10-32 

10-32 

10-32 

1/4-28 

1/4-28 

1/4-28 

1/4-28 

1/4-28 

1/4-28 

1/4-28 


TABLE  36 


PULL  OUT  TENSILE  STRENGTH  AVERAGES  OF 
INSERTS  INSTALLED  IN  7075-T73  ALUMINUM 


IN 


MANUFACTURER 


SERT  TYPE  AM)  INSERT  TENSILE 


LENGTH- IN 


STRENGTH-LBS . 
AVERAGE 


Hell-Coil  Wire 
Hell-Coil  Products 

Helical  Coll  Wire 
Tridalr  Inc. 

Thin  Well  Bushins 
Kaynar 

Thin  Wall  Bushing 
Roaan 

Thin  Solid  Wall  Buehings 
Long-Lok 

Thin  Solid  Wall  Buahinga 
Torkon 

Self-Tapping  Bushing 
Groov-Pin 


(1) 

0.283 

4,538 

0.285 

4,743 

0.300 

4,636 

0.290 

4,666 

0.290 

4,813 

0.290 

4,806 

0.296 

4,849 

0.375 

8,531 

0.375 

9,683 

0.390 

7,920 

0.380 

9,753 

0.380 

10,116 

0.380 

8313 

0.373 

8,641 

Helical  Coll  Wire 
Hell-Coil  Products 

Helioal  Coil  Wire 
Tridalr,  Inc. 

Thin'  Wall  Bushing 
Kaynar 

Thin  Wall  Bushing 
Rosan 

Thin  Solid  Wall  Bushing 
Long-Lok 

Thin  Solid  Wall  Bushing 
Torkon 

Self-Tapping  Bushing 
Groov-Pin 


(1)  Insert  Lengths  Are  Taken  From  Manufacturers  Specification 


56 


ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MAHUFACTUHER 
INSERT  TYPE  &  SIRE 
INSERT  COATING  - 
BOLT  - 

INSERT  MATERIAL i 


Hall-Coil  Products 

Screw  Locking  CRES-3391-3CNW  -  10-32 
Nona  Used 
NAS  1303-3 
CRES  18-8 


BOLT  LOCKTNO/UNLORKTKr. 

TORQUE  -  TH-LIIS. 

CYCLE 

INSERTS  INSTALLED 

BY  AFML 

INSERTS  INSTALLED  BY  MEG . 

SAM 

FLE  N 

U  M  H  R  R 

■■■■ 

1 

2 

.  J 

-,~a 

J. 

m 

mm 

8/7 

9.5/8 

8. 5/7. 5 

9/8 

1 ffl 

7.5/7 

7/6.5 

7. 5/7. 5 

8/8 

7/7 

6/6 

7/7 

7/7 

8/7.5 

6/7 

6/5.5 

6. 5/6. 5 

7/6.5 

7/7.5 

6/6 

5/5 

5/5 

5.5/5 

6/7 

6/7 

5.5/3 

5/5 

5/5 

6.5/6 

5.5/5 

7/7 

7 

5/5 

5/5 

6/5 

6/5.5 

6/6 

6/7 

8 

5/5 

6/5.5 

5/5 

6.5/6 

6/6 

5/5 

9 

3/5 

5/5 

7/5 

6/5 

6/6 

5/5 

10 

6/5.5 

5/5 

6/5 

6/5 

6/6 

6/6.5 

11 

6/5 

5/5 

6/5 

5.5/5 

5/5 

5.5/5 

12 

5/5 

5/5 

5/6 

5.5/5 

5.5/5 

6/6 

13 

5.5/5 

5/5 

6/5 

5.5/5 

5/5 

6/6 

14 

5/5 

5/5 

5/5 

5.5/5 

6.5/5 

5.5/5 

13 

5/5 

5/5 

5/5 

5.5/5 

6/5 

5.5/5 

NOTE}  Tost  In  accordance  with  MIL-N-25027 
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TABLE  38 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Tridoir  Industrial 

INSERT  TYPE  4  SIZE  -  Cot!  Lock  18-8-TLF*3C~0283  1G-32 

INSERT  COATING  -  Dry  Film  Lubricimt 

BOLT  -  NAS  1303-3 

INSERT  MATERIAL t  CRES  18-8 


CYCLE 


BOLT  LOCKINO /UNLOCKING  TORQUE  -  IN-LBS, 
ITS  INSTALLED  BY  AFML  I  ’  INSERTS  INSTALLED 


SAMPLE  NUMB 


3, 5/3, 3 

4/4 

4/4 

1. 3/1.5 
1/1 


V  M 
sop 

p'w  R 

0  *0  H 
H  7!  . 

oO 

tB  U  It 


3/2 

3/2 
2/2 
2/2 
2/2  * 
2/2 
2/2 

1.3/1. 5 
1.5/2 
2/2 
2/1 
1.5/1 
1.5/1 
1.5/1 
1/1 


5/3 

5/5 
3/4 
3/4 
5/4.5 
4. 5/4. 3 
4. 3/4. 3 
4. 5/4. 3 
4.5/5 
4.5/5 
4.5/5 
4.5/5 
4.5/5 
4.5/5 
4.5/5 


1.3/1, 3 
1,3/1. 3 
1/1 
1/1 
1/1 
r’l 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 


3,5/5 

5/5 

3/5 

4/4 

4/4 

4/4 

4/4.5 

4/4 

4/4 

4/4 

4/4 

4/4 

4/3.5 

4/3.5 

4/3.5 
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TABLE  39 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER  -  Lons-Lok  Corporation 
INSERT  TYPE  i  SIZE  -  T~Sert  (T02P39)  10-02 

INSERT  COATINC  -  Dry  Film  Lubricant 

BOLT  -  NAS  1303-3 

INSERT  MATERIAL!  CUES  18*8 


BOLT  LOCKXNC/UNLOCKING 

TORQUE  -  TN-T.nS. 

INSERTS  INSTALLED 

8Y  AFML 

INSERTS  INSTALLED  tY  MFC. 

SAMPLE  N 

U  M  B  F.  R 

l 

2  . 

 3  .... 

1 

2.  . 

■n 

■  . 

i 

2,5/2 

4/4 

4/4. 

1 

5/5 

2 

2,5/2 

3/3 

4/3,5 

4/4 

3 

2/2 

3/3 

3/3 

. 

4/4 

4 

2.5/2 

3/3 

3/3 

3/3 

4/4,5 

4/4 

5 

2. 5/2. 5 

3/3 

3/3 

3/3 

4/4 

A/4 

6 

2. 5/2. 5 

3/3 

3/3 

3/3 

4/4 

3. 5/3. 5 

7 

2, 5/2. 5 

3/3 

3/3 

3/3 

4/4 

3. 5/3. 5 

8 

2. 5/2. 5 

3/2.5 

3/3 

3/3 

4/4 

3. 5/3. 5 

9 

2.5/2 

3/2.5 

3/3 

3/3 

3. 5/3. 5 

3. 5/3. 5 

10 

2.5/ 

3/2.5 

2.5/2. 5 

3,5/3. 5 

3. 5/3. 5 

11 

2.5/2 

3/2.5 

2.5/2. 5 

3.  5/3. 5 

3/3.5 

12 

2.5/2 

3/2.5 

2. 5/2.5 

2. 5/2. 5 

4/4 

3/3,5 

13 

2/2 

3/2.  5 

2. 5/2. 5 

2. 5/2. 5 

4/h 

3/3.5 

14 

2/2 

3/2.5 

2. 5/2. 5 

2.5/2. 5 

4/4 

3/3,5 

15 

2/2 

3/2.5 

2. 5/2. 5 

2. 5/2, 5 

3, 5/3. 5 

3/3.5 

( 


‘f 
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TABLE  40 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER  - 
INSERT  TYPE  &  SIZE  - 
INSERT  COAT INC  - 
BOLT  - 

INSERT  MATERIAL) 


Torkon  Fastener  Corporation 
Thrcndiinn  (Ti  1011-117)  10-32 

NAS-1303-3 
CRES  10-8 


CYCLE 


MCKTHC/UNWCKIMO  TORQUE  -  TN-T.M. 


INSERTS  INSTALLED  11Y  Ai'Ml.  INSERTS  INSTALLED  I1Y  MFC. 


NUMBER 


4/4 

4/3 

3.5/3 

4/3.5 

4/3.5 

3.5/3 

3/3 

3/3 

2.5/2. 5 
2.5/2. 5 
2. 5/2. 5 
2. 5/2. 5 


-  ---vt-iirreafiTK 
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TABLE  41 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER 
INSERT  TYPE  L  SIZE  - 
INSERT  COATING  - 
BOU’  ~ 

INSERT  MATERIAL I 


Rosan 

Slim  Sart  (SR-192L)  10-32 
Dry  Film  Lubricant 
NAS  1303-3 

17-4  PH  Stainless  Steel 


_ BOLT  LOCKTNn/UNLOCK, TNG  TOHCjUE  -  IN-LBS. 

CYCLE  INSERTS  INSTALLED  BY  AFML  |  INSERTS  INSTALLED  BY  MFC . 

_ SAMPLE  NUMBER  _ _ 


9/7.5 

10/10 

7/7 

8.5/8 

7/8 

6/7 

6/5 

6/5 

5/5 

6/6 

6.5/5 

5/3 

6/6 

6/6 

6/6 


14/12 
15/15 
13.5/12.5| 
11,5/11 
10/10 
10/9  | 

9/7 
9/8  | 

9/8 
8.5/8 
8.5/5 
10/9 
8/6 
8/8 
8/8 


9/8 

6/5 

6/5 

5,3/5 

5/4.5 

3/5 

3/4 

5/4 

3/4 

5/4,5 

4.5/4 

4/4 

4/4 

4/3.5 

4/3.3 


15/13.5 

17/14 

15/14 

13.5/12.5 

12.5/11 

11.3/11 

11/10 

11/10 

10/9.5 

10/10 

11/10 

10.5/10 

11/10 

11/10 

10.5/10 


10/8 

10/d 

9.5/8 

7/6 

6.5/6 

6.5/6 

3/5 

6.5/5 

5/5 

3/5 

6/5.3 

6/3.5 

5/5 

5.5/5 

5/5 


16/15 

16/16 

15/14.5 

14/12.3 

L2.5/11.5 

9/9 

10/9 

11/10 

11/9 

9/7 

8/7.5 

8/8.5 

8/8.5 

8.5/8 

8/7 
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TABLE  42 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER  - 
INSERT  TYPE  &  SIZE  - 
INSERT  COATING  - 
HOLT  - 

INSERT  MATERIAL: 


Groov-Pin  Corporation 

Tap  Lok  (NM  19032-90)  10-32  NYLOK 

NAS-1303-3 

Hardened  Scainlosa  Steel 


BOLT  LOCKT.NG/UNLOCKING  TORQUE  -  IN-LR9. _ 

CYCLE  INSERTS  INSTALLED  BY  AFML  INSERTS  INSTALLED  UY  MFG. 

_ SAMPLE  NUMBER  _ _ 

.  . .  1  I  2  ~T  3  .  -  .1  1 .  I  .  _  _'.  A I  3 


10/8 

10/8,5 

7/7 

7/7 

7/7 

6/6 

6. 5/6.5 
6/6 


9/8 

8/7 

6/6 

6/6 

6/6 

5.5/5. 5 
5/5 
5/4 


9 

6/6 

4. 5/4. 5 

10 

5/5 

4/4.5 

11 

5/5 

4/4.5 

12 

5/5 

4.5/4. 5 

13 

5/5 

4. 5/4. 5 

14 

5/5 

4/4 

15 

5/5 

4/4 

9/7 

6/6 

6/6 

6/5.5 

5/5 

5/5 

4.5/5 

4.5/5 

4/5 

4/5 

5/5 

4/4 

4/4 

4/4 

4/4 


9/8 

7/7 

7/7 

6/7 

6/7 

6/6 
6/6 
5.5/6 
6/6 
5.5/6 
5  <  5/6 
6/6 
6/6 
6/6 
6/6 


12/12 

11/9 

9/8 

7/7 

7/7 

7/7 

7/7 

6.5/6. 5 
7/7 
7/7 
7/7 
7/7 
7/7 
7/7 
7/7 


12/8 

9/6 

8/8 

7/7 

8/8 

7/7 
6/6 
6/5 
6/6 
6/6 
6/5.5 
5. 5/5.5 
5. 5/5.5 
5. 5/5.5 
5. 5/5.5 
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TABLE  43 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER  - 
INSERT  TYPE  £.  SIZE  - 
INSERT  COATING  - 
BOLT  - 

INSERT  MATERIAL! 


Kaynar 

Thin  Wall  Saif  Locking  (K8000-3)  10-32 

Cadmium  Plated  &  Kaylube  Moly-disulfide  Dry  Film  Lubu 

NAS-1303-3 

Alloy  Steel ,  Heat  Treated 


BOLT  LOCKTNC/UNLOCKINO  TORQUE  -  TN-LHS. 

cycle  'Inserts  "installed  by  akml  ~  inserts  installed  by  hfoT 

_ SAMP  L  E  N  U  M  B  KR _ 

_  .  1  ~  i  2  I _ 3 _ 1  “  'I  2  I  3 


8. 4/9. 6 
8. 4/8.0 
6. 0/6.0 
6. 0/6.0 
6. 0/6.0 
6. 0/5. 5 
5. 5/5. 5 
5. 5/6.0 
6. 0/6.0 
5. 5/5.0 
5.5/5. 0 
5. 5/5.0 
5. 4/5,0 
5. 4/5.0 
5. 4/5.0 


8.4/7 
8.5/7 
8.0/7 
8.0/7 
8.0/7 
7.5/7 
7.5/7 
7. 0/6. 5 
7. 0/6. 5 
7. 0/6.0 
7. 0/6.0 
7. 0/6.0 
7. 0/6.0 
7. 0/6.0 
7. 0/6.0 


6.0/5. 5 
6. 0/5. 5 
6. 0/5.0 
6.0/5. 5 
5.  5/5.0 
5. 5/5.0 
5. 0/5.0 
5.0/5. 0 
5. 0/5.0 
5. 0/4. 8 
5. 0/4. 8 
5. 0/4. 8 
5. 0/4. 5 
5. 0/4. 5 
5. 0/4. 5 
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TABLE  44 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER  - 
INSERT  TYPE  £.  SIZE  - 
INSERT  COATINC  - 
BOLT  - 

INSERT  MATERIAL! 


Hull-Coil  Products 

Screw  Locking,  CRES-3591-4CNW  -  1/4-28 

None  Used 

NAS-1304-5 

CRES  18-8 


CYCLE  rXKSBRTS  INSTALLED  BY  AFML  i  INSERTS  INSTALLED  BY  MFG. 


SAMPLE  NUMBER 


2 


18/16 

15/15 

15/15 

15/14 

15/15 

14/14 

14/14 

14/14 

14/14 

14/14 


20/20 

1S/19 

18/18 

20/18 

18/17 

16/16 

16/16 

17/16 

17/16 

16/16 

17/16 

16/16 

16/16 

15/14 

15/14 


22/19 

17/17 

17/16 

17/16 

16/15 

16/16 

16/16 

15/15 

15/15 

13/12 

13/12 

13/13 

13/12 

13/12 

13/12 


16/15 

16/14 

14/14 

14/15 

15/15 

15/15 

14/14 

14/15 

14/14 

14/14 

13/13 

13/13 


24/20 

22/18 

20/20 

16/16 

20/22 

16/14 

20/18 

14/14 

18/18 

12/11 

16/16 

12/11 

18/17 

12/11 

16/16 

12/11 

16/16 

12/11 

16/16 

12/11 

16/17 

12/11 

17/17 

12/11 

17/16 

12/11 

15/14 

12/11 

15/14 

12/11 

i 
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TABLE  45 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Tridair  Industries 

INSERT  TYPE  &  SIZE  -  Coil  Lock  -  18-8-TLF-4C-0375  -  1/4-28 

INSERT  COATING  -  Dry  Film  Lubricant 

BOLT  -  NAS-1304-5 

INSERT  MATERIAL)  CRES  18-8 


BOLT  LOCKTNC/UNLOCKTNC 

!  TORQUE  -  IN-LBS. 

INSERTS  INSTALLED  BY  AFML  j 

INSERTS  INSTALLED  BY  MEG . 

SAMPLE  N 

UMBER 

24/22 

24/23 

24/23 

24/23 

24/23 

24/23 

21/21 

22/22 

22/22 

22/22 

22/22 

22/22 

22/22 

22/22 

22/22 


20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 

20/18 


22/22 

21/21 

21/21 

20/21 

20/20 

20/20 

20/20 

19/19 

19/19 

19/20 

20/20 

19/20 

19/19 

19/19 

15/19 


n 


24 
24 
23 
23/22 
22/22 
22/21 
21/20 
21/21 
21/21 
21/21 
20/20 
20/21 
20/20 
20/20 
20/20 


23/22 

23/22 

22/22 

22/22 

22/21 

20/20 

20/20 

20/20 

20/20 

20/19 

18/17 

18/19 

18/18 

18/18 

18/18 


20/20 

20/19 

19/19 

19/18 

19/18 

18/18 

18/19 

18/17 

18/18 

17/18 

18/19 

18/18 

18/18 

18/17 

18/18 
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TABLE  46 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Lons-Lok  Corporation 

INSERT  TYt'E  4  SIZE  -  T-Sert  (T048P59)  1/4-28 

INSERT  COATING  -  Dry  Film  Lubricant 

BOLT  -  NAS-1304-5 

INSERT  MATERIAL:  CRES  16-8 


BOLT '  LOC KING /ll NT.OC KING  TORQUE  - 

IN-LBS. 

CYCLE 

INSERTS  INSTALLED 

BY  AFML 

INSERTS 

INSTALLED 

BY  MFC. 

S  A  M 

PLS  N 

UMBER 

1 

2 

.....J _ 

- 3. 

2. 

-JL 

1 

4/2 

2/2 

3/4 

— 

8/8 

■B 

2 

2/3 

2/2 

3/3 

■jOK 

7/7 

B9 

3 

2/2 

2/2 

4/3 

6/7 

5/5 

4 

2/2 

2/2 

3/3 

6/6 

6/6 

4/4 

5 

2/2 

2/2 

3/3 

6/6 

6/6 

4/5 

6 

2/2 

2/2 

2/3 

6/6 

6/6 

4/5 

7 

2/2 

2/2 

2/2 

6/5 

6/6 

4/4 

8 

2/2 

2/2 

2/2 

6/5 

6/6 

4/4 

9 

2/2 

2/2 

2/2 

6/5 

6/6 

4/4 

10 

2/2 

2/2 

2/2 

6/5 

6/6 

4/4 

11 

2/2 

2/2 

2/2 

5/5 

6/6 

4/4 

12 

2/2 

2/2 

2/2 

5/5 

6/6 

4/4 

13 

2/2 

2/2 

2/2 

5/5 

6/6 

4/4 

14 

2/2 

2/2 

2/2 

5/5 

6/6 

4/3 

15 

2/2 

2/2 

2/2 

5/5 

6/6 

4/3 

6 
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TABLE  47 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Torkon  Fastener  Corporation 
INSERT  TYPE  6  SIZE  -  Throadlino  (Ti  1011-119)  1/4-28 
INSERT  COATING  - 

BOLT  *>  NAS-1304-5 

INSERT  MATERIAL!  CRES  U-B 


ROt.T  LOCKING/ UNLOCKING 

TOROUK  - 

TN-T.BS. 

CYCLE 

INSERTS  INSTALLED 

BY  AFML 

INSERTS 

INSTALLED 

BY  MFC . 

SAM 

P  L  E  N 

UMBER 

1 

2 

3 

 1   

2 

3 

1 

1 

figg 

m 

30/28 

27/25 

2 

n 

25/23 

24/23 

3 

18/17 

•  20/19 

24/24 

19/18 

19/19 

20/20 

4 

17/16 

20/20 

24/23 

15/14 

17/18 

19/19 

,  5 

17/16 

18/16 

23/23 

15/14 

17/17 

19/19 

6 

17/16 

16/15 

20/22 

16/14 

16/16 

17/17 

7 

17/16 

15/15 

16/15 

13/12 

16/16 

17/16 

8 

17/15 

15/15 

16/16 

13/12 

16/16 

16/16 

9 

15/15 

15/14 

15/15 

13/12 

16/15 

16/16 

10 

15/15 

15/15 

15/14 

13/12 

15/14 

15/15 

11 

15/15 

14/14 

13/14 

14/12 

14/14 

13/13 

12 

14/15 

14/14 

14/13 

13/12 

14/14 

13/13 

13 

14/15 

14/14 

14/13 

13/12 

14/14 

13/13 

14 

14/15 

14/14 

14/13 

13/12 

14/14 

13/13 

15 

15/15 

14/14 

14/13 

13/12 

14/14 

13/13 
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TABLE  48 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Kaynar 

INSERT  TYl’E  L  SIZE  -  Thin  Wall  Self-Locking  (K8000-4)  1/4-28 

INSERT  COATING  -  Cadmium  Plated  &  Kaylubo  Moly-disulf ide  Dry  Film  Lube. 

BOLT  -  NAS-1304-5 

INSERT  MATERIAL!  Alloy  Steel,  Heat  Treated 
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TABLE  49 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER  - 
INSERT  TYPE  ft  SIZE  - 
INSERT  COATING  - 
B01,T  - 

INSERT  MATERIAL: 


Rosan 

Slim  Sect  (SR  258L)  1/4-28 
Dry  Film  Lubricant 
NAS  1304-5 

17-4  PH  Stainleso  Steel 


BOLT  LOCKT.Nft/UMLOCKTNfl  TORQUE  -  IN-LBSj _ 

CYCLE  'INSERTS  INSTALLED  BY  AFML  INSERTS  INSTALLED  DY  MFG. 
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TABLE  50 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  - 
INSERT  TYPE  &  SIZE  - 
INSERT  COATING  - 
BOLT  - 

INSERT  MATERIALS 


BOLT  LOCKING/UNLOCKING  TOROUE  -  ' 

IN-LBS. 

CYCLE 

INSERTS  INSTALLED 

BY  ARM  I. 

INSERTS  : 

INSTALLED  ! 

BY  MEG . 

SAM 

P  L  E  N 

UMBER 

1 

2 

3 

1 

2 

3 

.  i 

1 

18/16 

16/14 

1 

18/15 

14/12 

16/14 

19/18 

2 

10/10 

10/10 

12/12 

10/10 

16/14 

10/10 

3 

10/10 

10/10 

12/11 

9/8 

13/13 

10/10 

4 

9/9 

10/10 

11/11 

9/8 

13/13 

10/10 

5 

9/8 

9/8 

11/11 

8/8 

12/11 

10/10 

6 

8/8 

10/10 

11/11 

8/8 

12/12 

10/10 

7 

8/8 

10/10 

11/10 

8/8 

11/12 

10/10 

8 

8/9 

10/10 

10/10 

8/7 

11/11 

10/10 

9 

8/9 

10/10 

10/10 

8/7 

11/10 

10/10 

10 

8/9 

10/10 

10/10 

8/7 

10/10 

10/10 

11 

8/8 

10/10 

9/9 

8/7 

10/10 

10/10 

12 

8/8 

10/10 

9/9 

8/7 

10/9 

10/10 

13 

9/9 

10/10 

9/8 

8/7 

8/9 

10/3  0 

14 

8/8 

10/10 

9/8 

8/7 

8/8 

10/10 

15 

8/8 

10/3.0 

9/9 

8/7 

j 

! _ 

8/8 

10/10 

Groov-Fln  Corporation 

Tap  Lok  (NM-25028-90)  1/4-28  NYLOK 

NAS  1304-5 

Hardened  Stainless  Steel 
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TABLE  51 


ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


XH8KRT  MANUFACTURER  -  Heli-Coil  Products 

INSliUT  TYPE  Ci  SIZE  -  Screw  Locking,  CRF.S  3591— 6CN  -  3/B-2h 

INSERT  COATING  -  Non*  U“*d 

tint  t  a  MS-21250 


INSERT  COATING  - 
BOLT  - 

INSERT  MATERIAL t 


CRES  18-8 
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TABLE  52 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Trideir  Industries 

INSERT  TYPE  t,  SIZE  -  Coil  Lock-18-8-TLF-6C-0562  -  3/8-24 

INSERT  COATING  -  None  Used 

BOLT  -  MS-2150 

INSERT  MATERIAL  t  CRES  18-8 


r- 


OLT  LOCKIKC/Ut'LOGKTNG  TOROUF,  -  IN-I.BS. 


INSERTS 

INSTALLED 

DY  Aim 

INSERTS 

INSTALLED 

BY  MFC. 

SAM 

RLE  N 

UMBER 

1 

2 

3  . 

JL 

3 . . 

45/45 

40/40 

45/40 

40/40 

45/40 

45/45 

40/40 

40/35 

35/40 

30/30 

35/40 

35/35 

40/35 

35/30 

35/40 

30/25 

40/35 

35/35 

35/35 

35/30 

35/35 

30/25 

35/35 

35/30 

35/35 

35/30 

35/35 

28/26 

30/30 

35/30 

35/30 

30/30 

35/30 

28/26 

25/25 

35/30 

30/30 

30/25 

30/30 

26/25 

25/25 

30/30 

30/30 

30/25 

30/30 

26/25 

25/25 

30/30 

30/25 

25/25 

30/25 

25/25 

30/25 

25/25 

25/30 

25/25 

25/30 

25/26 

25/25 

25/25 

25/25 

25/26 

25/25 

23/24 

25/25 

30/25 

25/25 

25/26 

25/25 

24/23 

25/25 

25/25 

25/25 

25/25 

25/25 

24/23 

25/25 

25/25 

25/25 

25/25 

25/25 

24/23 

25/25 

25/25 

25/25 

25/25 

25/25 

24/23 

25/25 

25/25 
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TABLE  53 


ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Long- Lok  Corporation 
INSERT  TYPE  L  SIZE  -  T-Sorte  (T064P59) 

INSERT  COAT I NO  -  Dry  Film  Lubricant 

BOLT  -  MS-21250 

INSERT  MATERIAL?  CRES  18-8 

r—  LQCKT.no/UNLOCKINO  TORQUE  -  IN-LBS . 

.  cycle  INSERTS  INSTALLED  BY  AFML  H INSERTS  INSTALLED  BY  NFG. 


S  A  M  1*  L  E  NUMBER 
2  "  _  1 _ 3~T - 2 - 


10/10 

10/10 

10/10 

10/10 

10/10 

10/10 

10/10 

10/10 

10/10 

10/10 

10/9 

9/9 

9/8 

9/9 

9/9 


20/20 

10/15 

10/15 

15/15 

15/15 

10/13 

10/12 

10/10 

10/10 

10/10 

10/9 

10/9 

10/9 

10/9 

10/9 


15/15 

15/15 

15/14 

15/14 

15/15 

15/14 

12/13 

12/13 

12/12 

12/12 

10/11 

10/12 

10/10 

10/10 

10/10 


18/18 

18/17 

18/17 

17/16 

17/17 

17/15 

16/14 

16/14 

15/12 

15/.12 

13/10 

13/10 

10/11 

11/10 


15/15 

15/13 

15/13 

15/13 

10/12 

10/12 

10/11 

10/11 

10/10 

10/10 

10/10 

10/10 

10/10 

10/9 


13/13 
13/11 
13/13 
12/12 
12/12 
13/12  I 
12/11 
11/12 
11/10 
12/11 
11/10 
11/10 
10/10 
10/10 
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TABLE  54 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Torkon  Fastener  Corporation 
INSERT  TYPE  6  SIZE  -  Throadline  (T1  1011-223)  3/0-24 

INSERT  COATING  -  Dry  Film  Lubricant 

BOLT  -  MS-21250 

INSERT  MATERIAL!  CRES  ]8-8 


BOLT  I.OCKINCi/UNLOCKING  TORQUE  - 

TM-I.RS . 

CYCLE 

INSERTS  INSTALLED 

BY  Al'ML 

INSERTS 

INSTALLED 

BY  MFC. 

SAMPLE  N 

U  M  B  E  R 

1 

2 

3  . . 

...  1  ... 

2 . 

3 

1 

55/55 

40/40 

50/50 

50/50 

45/45 

55/50 

2 

50/45 

30/30 

50/45 

45/45 

40/40 

50/50 

3 

45/40 

30/35 

45/45 

45/50 

40/35 

50/45 

4 

40/35 

30/30 

45/40 

45/40 

40/30 

45/45 

5 

30/30 

30/30 

40/40 

40/40 

40/30 

40/40 

6 

30/40 

30/25 

40/45 

40/35 

30/30 

40/35 

7 

35/35 

30/25 

35/35 

35/35 

30/30 

35/35 

8 

35/35 

30/25 

35/40 

35/35 

30/35 

35/40 

9 

30/35 

25/25 

35/30 

35/30 

30/30 

35/35 

10 

30/35 

25/25 

30/30 

30/35 

30/25 

30/25 

11 

30/35 

25/25 

30/30 

30/35 

30/25 

30/30 

12 

30/35 

25/25 

25/25 

30/30 

25/30 

30/30 

13 

35/35 

25/25 

25/25 

30/30 

25/25 

20/25 

14 

30/30 

25/20 

25/25 

30/30 

25/20 

30/25 

15 

30/30 

25/20 

25/25 

30/30 

25/20 

30/25 

75 
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TABLE  55 


ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER  - 
INSERT  TYPE  L  SIZE  - 
INSERT  COATINC  - 
BOLT  - 

INSERT  MATERIAL! 


Kaynar 

Thin  Wall,  Salf-Locking  (K8000-6)  3/8-24 

Cadmium  Plated  &  Kaylube  Moly-diaulfide  Dry  Film  Luba. 

MS-21250 

Alloy  Steal,  Hoat-Treated 


BOLT  LOCKING/UNLOCKINC  TOROUE  - 

JN-LRS. 

CYCLE 

INSERTS  INSTALLED 

BY  AFML 

INSERTS 

INSTALLED 

BY  MFC. 

SAM 

P  L  E  N 

UMBER 

■■MM 

1 

2 

3 

...  „L  ... 

. . .2 

 ,3  . . 

3. 

wm 

70/65 

60/60 

65/65 

60/60 

65/65 

55/55 

60/55 

60/60 

55/50 

60/60 

50/50 

50/50 

55/50 

55/60 

55/55 

60/65 

4 

47/50 

50/50 

40/42 

55/55 

55/50 

55/55 

5 

45/50 

50/50 

45/45 

55/50 

50/45 

55/50 

6 

45/50 

50/50 

45/45 

50/50 

50/45 

50/50 

7 

40/45 

50/50 

45/45 

45/45 

40/40 

45/50 

8 

40/45 

50/50 

45/45 

45/40 

40/40 

45/45 

9 

45/50 

50/50 

45/45 

45/50 

40/45 

45/45 

10 

45/50 

50/50 

42/45 

45/45 

40/40 

45/45 

11 

45/50 

45/50 

45/45 

40/40 

40/40 

45/45 

12 

40/45 

50/50 

45/45 

40/45 

40/40 

45/40 

13 

40/45 

45/45 

45/45 

40/40 

40/40 

45/40 

14 

40/45 

45/45 

45/45 

40/40 

40/40 

45/40 

15 

40/45 

45/45 

45/40 

40/40 

40/40 

45/40 
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TABLE  56 

ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 

INSERT  MANUFACTURER  -  Rosan 

INSERT  TYPE  6  SIZE  -  Slim  Sort:  (SR  374L)  3/8-24 

INSERT  COATING  -  DrY  Fllm  Lubricant 

BOLT  -  MS- 21 2 50 

INSERT  MATERIAL:  17-4  I’ll  Stainless  Steel 


BOLT  I, OCRING /UNLOCKING  TOROIIE  - 

IN-LBS. 

CYCLE 

INSERTS  INSTALLED 

BY  AFML 

INSERTS  INSTALLED 

BY  MFC. 

S  A  M 

P  L  E  N 

UMBER 

1 

2 

. . 3. 

1 

-  2 _ 

3 

1 

80/75 

85/80 

75/75 

85/80 

70/70 

75/75 

2 

70/70 

75/75 

75/75 

75/70 

70/70 

70/70 

3 

70/70 

78/75 

70/70 

75/75 

70/75 

70/70 

4 

70/70 

80/80 

70/70 

80/80 

70/70 

75/70 

5 

70/70 

80/80 

70/70 

75/75 

70/65 

70/65 

6 

70/70 

80/80 

70/70 

75/70 

70/65 

70/70 

7 

70/70 

75/75 

70/70 

70/70 

65/65 

70/70 

8 

70/70 

70/75 

70/75 

70/70 

65/65 

70/65 

9 

70/70 

70/70 

70/65 

70/75 

65/65 

70/65 

10 

70/70 

70/70 

65/65 

70/70 

65/65 

70/65 

11 

70/70 

70/70 

65/65 

70/70 

65/60 

70/65 

12 

70/70 

70/70 

65/65 

70/65 

65/60 

70/65 

13 

70/70 

70/70 

65/65 

70/65 

65/60 

70/65 

14 

70/65 

70/70 

65/65 

70/65 

65/60 

70/65 

15 

70/65 

70/70 

65/65 

70/65 

65/60 

70/65 
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TABLE  57 


ROOM  TEMPERATURE  LOCKING  UNLOCKING  TORQUE  TESTS 


INSERT  MANUFACTURER  - 
INSERT  TYPE  &  SIZE  - 
INSERT  COATING  - 
BOLT  - 

INSERT  MATERIAL: 


Groov-Pin  Corporation 

Top  Lok  (NM  37524-90)  3/8-24  NYLOK 

MS-21250 

Hardened  Stainless  Steel 


1 

BOLtLOCKINC/URLOCKINC 

TOROUR  -  1 

.N-LBS. 

Bi 

INSERTS  INSTALLED  BY  AFiiL 

INSERTS  INSTALLED  BY  MFC. 

mm 

SAMPLE  N 

UMBER 

r— i 

— 

2 

3 

L 

.,2 . . 

3  

mm 

ETijTCS 

45/35 

45/45 

46/40 

50/50 

45/45 

30/30 

40/40 

40/40 

40/35 

40/40 

30/30 

40/40 

40/35 

30/30 

35/40 

« 

25/25 

35/40 

35/35 

30/25 

35/35 

20/20 

25/25 

35/35 

35/30 

25/25 

25/25 

20/20 

20/25 

25/25 

20/20 

25/20 

20/20 

15/15 

20/20 

25/20 

15/15 

14/15 

14/14 

8 

15/15 

20/15 

20/20 

15/15 

14/15 

14/14 

9 

15/15 

15/14 

20/20 

15/15 

15/15 

14/14 

10 

15/15 

15/15 

15/15 

15/15 

15/15 

14/14 

11 

15/15 

15/14 

15/15 

15/15 

14/14 

13/14 

12 

15/15 

14/14 

15/15 

15/15 

14/14 

13/14 

13 

15/15 

14/14 

15/15 

15/15 

14/14 

13/13 

14 

15/15 

14/14 

15/15 

15/14 

14/14 

13/13 

15 

15/15 

14/14 

15/15 

15/15 

14/14 

13/13 
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gure  10.  Alignment  Fixture  for  Starting  Groov-Pin  Self-Tapping  Insert 


AFML-TR-78- 107 


aaimsai  Nid-Aooao 


(ianvxsNi  iKiv 


aanvxsNi  aivaiai 


aanvxsNi  mav 


aanvxsNi  noo-naH 


aanvxsNi  iwav 


aanvxsNi  noxhox 


aanvisNi  ihjv  p 


aanvxsNi  uot-onou  u 
- 3 

aaTivxsNi  iKiv  ^ 


aanvxshi  nvsom 

..  ... - s 

- . . Vi 

aanvxsHi  miv  § 


aanvxsNi  hvnavh 


a311VXSNI  TJidV 


89 


Bar  Graph  SI 
with  1/4-28 


anmsNi  Nid-Aooao 


AFML-TR-78-1 07 


aanvisKi  ni<j-aoohd 


aanvxsNi  mav 


aaTivisNi  aivaiHi 


aanviSNi  mav  F 


aanvitiNi  noo-nan  - 
- R 


■H 


aanvisNi  mav 


jayimsMi  tioaaoi 


aanviSNi  mav 


aanvxsNi  aoi-onoa 


canviBNi  mav 


aanvxsNi  nvsoh 


aanvisKi  mav 


'§ 


aaimsKi  avNxva 


aanvxsNi  mav 


4 


■5 — i — « — ^ 


(M 


ooot  x  axmiva  ox  saiOAO 


CO  (VI 
*-c2> 

2  co 


01 

fc. 


3. 


lowing  the  Fatigue  Life  of  7075-T73  Alloy  with 
Inserts  and  Bolts 


AFML-TR-78-107 


bSdby  bid 


3/8  -  24 


1/4  -28 


10-32 


Figure  18.  Insert  Pull  Out  Specimens  end  Corrosion  Specimen 
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Groov-PIn  Long-Lok 

Figure  22.  Close-up  of  Fatigue  Failure  of  Specimens  with  Groov-PIn  and 

Long-Lok  10-32  Size  Inserts.  Inserts  Installed  by  Manufacture. 
Torqued  Bolts  In  Insert  during  Tests. 


Rosan  Trldalr  Hell-Coil 


Figure  23.  Close-up  of  Fatigue  Failures  of  Specimens  with  Rosan,  Trldalr, 

and  Hell-Coil  10-32  Size  Insert.  Inserts  Installed  by  Manufacture. 
Torqued  Bolts  In  Inserts  During  Tests. 


Rosan 


Kaynar 


Long-Lok 

:1gure  24.  Close-up  of  Fatigue  Failures  of  Specimens  with  Long-Lok,  Rosan 
and  Kaynar  10-32  Size  Inserts.  Inserts  Installed  by  AFML. 
Torqued  Bolts  In  Inserts  During  Tests. 
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Figure  25.  Close-up  of  Fatigue  Failures  of  Specimens  with  Trldalr  and 
Groov-PIn  10-32  Size  Inserts.  Inserts  Installed  by  AFML. 
Toraued  Bolts  In  Inserts  During  Tests. 
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6 


Hell -Coll 

Figure  26.  Close-up  of  Fatigue  Failure  of  Specimen  with  Hell-Coil  Insert. 

Insert  Installed  by  AFML,  Torqued  Bolts  In  Insert  During  Test. 


Figure  27,  Close-up  of  Fatigue  Failurp  of  Specimens  with  Rosan  and  Groov-PIn 
1/4-28  Size  Insert.  Inserts  Installed  by  Manufacture.  Torqued 
Bolts  In  Inserts  During  Tests. 
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Figure  30.  Close-up  of  Fatigue  Failure  of  Specimens  with  Hell-Coil  1/4-28 
Size  Insert.  Inserts  Installed  by  AFML.  Torqued  Bolt  In 
Inserts  During  Test. 


Figure  31.  Close-up  of  Fatigue  Failure  of  Specimens  with  Rosan,  Groov-Pln, 
and  Long-Lok  1/4-28  Size  Insert.  Inserts  Installed  by  AFML. 

No  Bolt  In  Inserts. 


101 


AFML-TR-78-1 07 


30 


27 


■m 


K-t  kj 


m 


|W|| 


toy. 


A^' 


Figure  32.  Close-up  of  Fatigue  Failure  of  Specimens  with  Hell-Coil, 

Trldalr,  and  Kaynar  1/4-28  Size  Inserts.  Inserts  Installed 
by  AFML.  No  Bolt  In  Inserts. 
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Figure  33.  Close-up  of  Fatigue  Failures  of  Specimens  with  No  Inserts. 
1/4  Inch  Diameter  Holes. 
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Figure  34.  Close-up  of  Fatigue  Failure  of  Specimen  with  Rosan  and 
Kaynar  1/4-28  Size  Inserts.  Inserts  Installed  by  AFML. 
Torqued  Bolts  In  Inserts  During  Tests. 


Figure  35.  Close-up  of  Fatigue  Failures  of  Specimens  with  Groov-Pin 
and  Tridalr  1/4-28  Size  Inserts.  Inserts  Installed  by 
ATML.  Torqued  Bolts  In  Inserts  During  Tests. 
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Figure  38. 


Close-up  of  Fatigue  Fracture  of  Specimens  with  Tridalr  3/8-24 
Size  Insert.  Insert  Installed  by  AFML.  Torqued  Bolt  In  Inserts 
During  Test. 


Figure  39.  Close-up  of  Fatigue  Fai’ures  of  Specimens  with  Groov-PIn  and 

Rosan  3/8-24  Size  Inserts.  Inserts  Installed  by  AFML.  Torqued 
Bolts  In  Inserts  During  Tests. 
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Figure  40. 


Close-up  of  Fatigue  Failure  of  Specimens  with  Trldalr  and 
Groov-PIn  1/4-28  Size  Insert.  Inserts  Installed  by  Manufacture. 


Figure  41.  Close-up  of  Fatigue  Failures  of  Specimen  with  Rosan  and  Trldalr 
3/8-24  Size  Inserts.  Inserts  Installed  by  Manufacture.  Torqued 
Bolts  In  Inserts  During  Tests. 
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Figure  42.  Close-up  of  Fatigue  Failure  of  Specimens  with  Groov-PIn  Size 
Inserts.  Inserts  Installed  by  Manufacture.  Torqued  Bolts 
In  Inserts  During  Test. 


Figure  43.  Close-up  of  Fatigue  Failure  of  Specimens  with  Hell-Coil  3/8-24 
Size  Inserts.  Inserts  Installed  by  Manufacture.  Torqued  Bolts 
In  Inserts  During  Test 
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Figure  45.  Close-up  of  Fatigue  Failure  of  Specimens  with  Long-lok  1/4-28 
Size  Inserts.  Inserts  Installed  by  Manufacture.  No  Bolts 
In  Inserts. 
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Figure  53.  Corrosion  Specimen 
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Figure  55.  Corrosion  Specimen  with  Bolt  Removed 
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Figure  56.  Corrosion  Specimen  after  Cleaning 
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Figure  57.  Corrosion  Specimen  after  Cleaning 
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Figure  58.  Corrosion  Specimen  after  Cleaning 
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Figure  59.  Corrosion  Specimen  after  Cleaning 


INTRODUCTION 


A  statistical  analysis  of  the  engineering  test  data  was  made  by  the 
University  of  Dayton  Research  Institute.  This  analysis  was  undertaken 
to  determine  If  there  Is  a  significant  difference  In  the  engineering 
test  data  obtained  on  threaded  Inserts  supplied  by  several  different 
Insert  manufacturers.  Analysis  of  variance  was  used  as  the  basic  tool 
In  the  analysis  of  the  experimental  data. 
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SECTION  2 

SUMMARY  OF  RESULTS 


2.1  FATIGUE  LIVES 

Average  fatigue  lives  for  manufacturers  displayed  significant 
differences  for  each  bolt  size  but  the  differences  were  not  consistent 
over  all  three  sizes.  The  Installer  (AFML  or  manufacturer)  did  not 
affect  average  fatigue  life  In  the  10*32  and  1/4-28  bolt  sizes  but 
manufacturer  Installed  Inserts  displayed  larger  average  lives  In  the 
3/8-24  bolts  for  some  Insert  types.  The  fatigue  lives  with  bolt 
Inserted  were  significantly  larger  than  those  with  Inserts  but  no  bolt. 
The  average  fatigue  lives  for  Inserts  without  bolts  were  not  signifi¬ 
cantly  different  from  specimens  with  hole  but  no  Insert  Installed. 

2.2  BREAKAWAY  TORQUE 

In  general,  a  larger  breakaway  torque  Is  required  to  loosen  the 
bolts  after  fatigue  cycling  than  before.  The  difference  In  breakaway 
torque  (before  and  after  cycling)  depends  on  the  manufacturer  and  In  the 
1/4-28  bolts  also  depended  on  the  Installer. 

2.3  AXIAL  STRENGTHS 

Average  axial  strengths  displayed  significant  differences  In  the 
1/4-28  and  3/8-24  size  specimens.  In  the  1/4-28  sized  specimens,  the 
manufacturers  could  be  divided  Into  two  strength  groups  with  Rosan, 
Trldalr,  and  Long-Lok  having  the  greater  average  axial  strength.  In 
the  3/8-24  sized  specimens,  the  Kayner  Inserts  had  a  smaller  average 
strength  than  the  others. 
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2.4  LOCKING  AND  BREAKAWAY  TORQUE  TESTS 

The  reduction  In  locking  and  breakaway  torques  after  repeat  bolt 
Insertions  averages  approximately  35$  at  the  15th  cycle.  On  the  average 
about  64$  of  this  reduction  occurs  during  the  first  five  cycles.  Differ*- 
ences  due  to  Installers  were  small  In  comparison  to  differences  due  to 
specimen  variation  tested  under  Identical  conditions. 
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SECTION  3 

STATISTICAL  ANALYSIS 

Data  from  three  types  of  tests  were  subjected  to  statistical  analyses. 
These  were  fatigue  tests  with  the  dependent  variables  of  cycles  to  failure 
and  breakaway  torques  after  cyclic  loading;  axial  strength  tests;  and  the 
locking  and  breakaway  torque  tests.  The  analyses  of  the  data  from  these 
three  types  of  test  are  presented  In  the  following  paragraphs.  Analysis 
of  variance  was  used  as  the  basic  tool  In  the  analysis  of  the  experimental 
data.  The  fatigue  life  tests  on  1/4-28  size  bolts  will  be  presented  In 
detail  to  show  the  application  of  the  analysis  of  variance  technique  to 
experimental  data. 

3.1  FATIGUE  TESTS 

Two  types  of  data  were  collected  for  analysis  during  the  fatigue 
tests:  number  of  cycles  to  failure  and  breakaway  torque  before  and 
after  fatigue  cycling. 

3.1.1  Life  Tests 

The  objective  of  the  analysis  of  the  fatigue  life  data  was 
to  ascertain  If  significant  results  were  obtained  from  the  different 
manufacturers;  from  the  different  Installers;  and  from  the  specimens 
without  Inserts,  the  specimens  with  Inserts  only,  and  the  specimens  with 
Inserts  and  bolts.  To  test  these  hypotheses  constant  amplitude  fatigue 
tests  were  run  at  R  ■  0.1  and  maximum  stress  of  50X  of  ultimate  for  each 
of  three  specimen  thicknesses  (bolt  sizes).  Note  that  each  specimen 
contains  three  Inserts  and  the  fatigue  test  terminated  at  the  failure 
of  any  one  of  the  three.  The  location  within  the  specimens  of  the 
falling  Insert  occurred  at  random  among  the  three  possible  locations. 

Fur  the  10-32  and  3/8-24  bolt  size  specimens,  the  fatigue  tests  were 
only  conducted  with  bolts  Inserted,  For  the  1/4-28  size,  specimens 
were  tested  with  and  without  bolts  and  some  specimens  were  also  tested 
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without  1  marts  (smooth  and  threaded).  For  each  manufacturer-size 
combination  half  of  the  Inserts  were  Installed  by  the  manufacturer  and 
half  by  the  AFMi..  Since  all  combinations  of  the  experimental  conditions 
were  tested  for  a  bolt  size,  the  data  comprise  of  factorial  experiment. 

Table  59  presents  the  data  layout  for  the  1/4-2B  bolt  size  fatigue 
tests  when  vlewpd  th  factorial  format.  (Since  this  data  It  simply  a 
rearrangement  of  the  data  In  Tables  26-33  similar  tables  for  the  other 
experiments  will  not  be  presented.)  The  statistical  model  for  the 
analysis  of  the  data  of  Table  59  Is  given  by 


Y,  -  u  +  +  lj  +  Ml,,  +  Bb  +  +  IBib  +  MIB, ..  + 


Ijkl 
where: 


l1j 


s1k  *  iBJk  T  "iB1jk  T  ‘Ijkl 


'ijkl 

u 

Mi 

Jj 


MI 


U 


MB 

IB 

MIB 


Ik 

jk 


1  jk 
*1  Jkl 


observed  cycles  to  failure 
overall  average 

differential  effect  of  manufacturer  1 

differential  effect  of  Installer  1  (AFML  or  MFG) 

differential  joint  effect  of  and  Ij 

differential  effect  due  to  presence  or  absence  of  bolt 

differential  joint  effect  of  M^  and  B^ 

differential  Joint  effect  of  Ij  and  B^ 

differential  joint  affect  of  1^  and  B^ 

random  error  for  the  1th  replication  of  the  experimental 
condition  defined  by  Ij,  and  8^. 


It  Is  assumed  that  t 
variables  with  zero 
sources  of  variation  In  the  experiment  are  measured  In  the  estimate 


are  Independent,  normally  distributed  random 
variables  with  zero  mean  and  common  variance,  o2.  All  uncontrolled 
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? 

of  a  .  The  analysis  of  variance  (as  applied  here)  Is  a  technique  for 
testing  whether  the  differential  effects  are  significantly  different 
from  zero.  For  example,  If  the  Installer  does  not  affect  fatigue  life, 
the  differential  effect  due  to  Installer  should  be  aero  and  the  I  terms 
can  be  eliminated  from  the  model.  For  those  differential  effects  which 
are  significantly  different  from  zero,  further  statistical  tests,  based 
on  the  estimate  of a  (the  standard  error)  are  available  to  Identify 
specific  significant  differences.  The  analysis  of  variance  results  for 
an  experiment  are  summarized  In  an  analysis  of  variance  table.  Table 
60  summarizes  the  analysis  of  variance  for  the  data  of  Table  59.  In 
these  experiments  the  F  ratio  Is  the  ratio  of  the  mean  square  for  a 
source  of  variation  to  tho  random  error  mean  square.  Large  F  ratios 
Indicate  significant  effects  where  largeness  Is  defined  by  degrees  of 
freedom  and  level  of  significance  desired  for  the  tests  and  can  be 
ascertained  from  tables  in  most  texts  on  statistics.  For  these  experi¬ 
ments,  the  level  of  significance  (the  probability  of  rejecting  the  null 
hypothesis  when  true)  was  fixed  at  0.05.  Thus,  It  was  concluded  that 
the  presence  or  absence  of  the  bolt  significantly  affects  fatigue  life 
and  that  the  fatigue  lives  from  the  different  manufacturers  arc  signifi¬ 
cantly  different.  The  effect  due  to  Installer  was  not  significant. 

Figure  63  plots  average  life  for  each  manufacturer  by  bolt  combination 
with  95*  confidence  limits  for  the  mean  lives  with  bolt  Inserted.  The 
average  life  for  the  Hell-Coil  Inserts  with  bolts  were  significantly 
longer  than  those  of  the  Torkon  and  Groov-PIn.  The  other  differences 
among  the  average  lives  with  bolts  were  not  significant. 

Three  hole  conditions  were  fatigue  tested  without  Inserts  (Table 
25),  An  analysis  of  variance  Indicated  that  there  were  no  significant 
differences  between  average  lives  of  the  smooth  and  threaded  holes. 

The  composite  average  of  all  15  specimens  was  31,400  cycles  with  a 

standard  deviation  of  4,180  cycles.  Thus,  95*  confidence  limits  on 

mean  life  without  Inserts  are  given  by  the  Interval  31  ,400  +  tQ  95^ 4(4180)//T^T 
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or  (29000,  33,300).  Since  the  composite  average  of  the  fatigue  lives 
with  Insert  only  was  31,600  cycles,  there  was  not  a  significant  difference 
between  the  specimens  with  and  without  inserts. 

In  the  fatigue  tests  of  the  10-32  and  3/8-24  bolt  sizes,  all  tests 
were  performed  with  bolts.  The  analysis  of  these  data  could  only  evaluate 
the  manufacturers  and  the  Installers. 

Table  61  presents  the  analysis  of  variance  table  for  the  10-32 
bolt  size  experiment.  The  only  significant  effect  was  that  due  to  the 
manufacturer.  Figure  64  presents  the  average  life  for  each  manufacturer 
with  95%, confidence  limits.  The  Hell-Coil  Inserts  had  significantly 
longer  average  life  than  all  except  the  Groov-PIn  Inserts  for  this  bolt 
length.  The  Groov-PIn  average  life  was  significantly  longer  than  all 
except  the  Trldalr  Insert  .  The  Torkon  Insert  had  a  significantly 
shorter  average  life  than  all  other  Inserts  for  this  bolt  size. 

The  analysis  of  variance  table  for  the  3/8-24  bolt  sizes  is  pre¬ 
sented  In  Table  62.  For  this  bolt  size,  significant  differences  existed 
among  the  manufacturers,  between  the  Installers,  and  the  differences  due 
to  Installers  were  not  consistent  among  the  different  Insert  manufacturers. 
Average  life  for  each  combination  of  Installer  and  manufacturer  Is  pre¬ 
sented  In  Figure  65.  For  the  Rosan,  Trldalr,  and  Groov-PIn  Inserts  the 
manufacturer  Installed  specimens  had  longer  average  lives  than  the  AFML 
specimens.  The  differences  In  average  Ufa  between  manufacturer  and 
AFML  Installed  specimens  were  not  significant  for  the  other  brands  of 
Inserts.  The  manufacturer  Installed  specimens  had  significantly  longer 
average  lives  than  the  AFML  Installed  specimens.  Specific  comparisons 
between  any  manufacturer-installer  pair  can  be  made  by  declaring  the 
average  difference  statistically  significant  (at  the  95  percent  level 
of  confidence)  If  It  exceeds  8.4K  cycles. 
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3.1.2  Breakaway  Torques  After  Cyclic  Loading 

To  determine  If  cyclic  loading  had  a  significant  effect  on 
breakaway  torque,  measurements  were  taken  on  all  Inserts  before  the 
fatigue  tests  and  on  the  unfalled  Inserts  at  the  conclusion  of  the  fatigue 
test  (Tables  3  through  23).  The  difference  between  the  after  fatigue 
cycling  breakaway  torque  and  the  before  from  the  unfalled  Inserts  provided 
the  measure  which  was  used  In  the  analysis  of  these  data.  For  each  bolt 
size,  the  torque  differences  were  analyzed  for  differences  due  to  Insert 
manufacturers  or  Insert  Installers  and  whether  or  not  significantly  more 
torque  was  required  after  cyclic  loading. 

Table  63  presents  the  analysis  of  variance  table  for  the 
breakaway  torque  differences  measured  on  the  10-32  specimens.  The 
average  differences  due  to  manufacturers  contained  significant  differ¬ 
ences  but  the  average  differences  did  not  depend  on  Installers.  Figure 
66  displays  the  average  difference  for  each  manufacturer  with  95  percent 
confidence  limits  for  the  means.  The  average  differences  In  breakaway 
torques  were  significantly  less  for  the  Kaynar  and  Rosan  Inserts  than 
for  the  others.  Further,  the  differences  In  breakaway  torques  between 
before  and  after  fatigue  testing  were  not  significantly  different  for 
the  Kaynar  and  Rosan  Inserts  but  the  others  required  greater  torque 
after  fatigue  cycling. 

The  analysis  of  variance  table  for  the  differences  In 
breakaway  torque  of  1/4-28  size  bolt  fatigue  tests  Is  presented  In 
Table  64.  For  these  data  the  manufacturer  and  joint  manufacturer  by 
Installer  effect  were  significant.  The  average  before  minus  after 
torque  measurement  for  the  manufacturer  by  Installer  combinations  are 
presented  In  Figure  67.  For  these  bolt  size  specimens,  the  AFML 
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Installed  Rosan  Inserts  required  significantly  greater  breakaway  after 
fatigue  cycling  than  did  the  manufacturer  Installed  Rosan  inserts.  The 
Kayner,  Long-Lok,  Torkon,  and  AFML  Installed  Groov-PIn  Rosan  Installed 
Inserts  required  equivalent  torques  before  and  after  fatigue  cycling. 

The  analysis  of  variance  table  for  the  3/8-24  bolt  size 
breakaway  torque  bolt  differences  Is  presented  In  Table  65,  The 
difference  between  manufacturers  and  Installers  are  not  statistically 
significant  for  this  bolt  sl2e  specimen.  Note,  however,  that  these 
data  exhibited  significantly  more  variability  (larger  standard  error) 
than  did  those  of  the  torque  differences  In  the  narrower  specimens. 

Figure  68  presents  average  difference  for  each  manufacturer  (with  confi¬ 
dence  limits)  even  though  the  manufacturer  differences  are  not  signifi¬ 
cant.  Note  that  for  all  manufacturers  significantly  greater  breakaway 
torque  was  required  after  fatigue  cycling  than  before. 

2  AXIAL  STRENGTH  TESTS 

Tensile  strength  pull  out  tests  were  conducted  In  accordance  with 
the  factorial  experiment  which  permits  comparison  of  axial  strengths 
for  the  Insert  manufacturers  and  Installers  for  each  of  the  three 
specimen  thicknesses  (Table  35).  This  section  presents  the  analyses 
of  these  data 

Table  66  contains  the  anulysls  of  variance  table  for  the  axial 
strength  tests  o*  the  10-32  size  specimens.  There  were  no  differences 
In  average  strength  among  the  manufacturers  or  between  the  Installers. 
However,  differences  between  Installer-manufacturer  average  strength 
combinations  for  the  Kaynar  and  Grouv-Pin  Inserts  as  compared  to  the 
Long-Lok  Inserts  produced  a  significant  joint  effect.  This  can  be 
seen  In  the  plot  of  average  strengths  for  manufacturer-installer  combina¬ 
tions  of  Tigure  69.  Note  ti at  the  differences  In  the  average  strengths 
for  the  Installers  of  any  one  Insert  are  not  significant. 
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The  analysis  of  variance  table  for  the  1/4-28  axial  strength 
tests  Is  presented  In  Table  67.  Only  the  manufacturer  effect  was 
significant  and  average  strengths  for  each  manufacturer  with  95  per¬ 
cent  confidence  limits  Is  presented  In  Figure  70.  The  1/4-28  Inserts 
from  Rosan,  Trldalr,  and  Long-Lok  had  significantly  greater  average 
strengths  than  the  others. 

Tab*e  68  presents  the  analysis  of  variance  uble  for  the  axial 
strength  tests  In  3/8-24  size  specimens.  The  manufacturer-installer 
Joint  effect  was  significant  as  well  as  the  differences  In  average 
strengths  among  the  manufacturers.  Figure  71  presents  average  axial 
strengths  tor  these  thick  specimens.  The  Kaynar  Irvart  specimens  had 
significantly  less  average  strength  than  the  others  while  the  Torkon 
specimens,  manufacturer  Installed  displayed  significantly  greater 
strength  than  the  other  combinations.  The  joint  effect  Is  due  to  tho 
greater  average  strengths  for  the  Torkon  and  Groov-PIn  Inserts  when 
Installed  by  tne  manufacturer  than  by  AFML  while  the  Kaynar  AFML  In¬ 
stalled  Inserts  had  greater  strength  than  the  Kaynar  Installed  Inserts. 

3.3  LOCKING  AND  BREAKAWAY  TORQUE  TESTS 

To  Investigate  the  wear  resulting  from  repeated  engagement  of 
bolts  In  the  fasteners,  three  Inserts  from  each  manufacturer-lnstaller- 
bolt  size  combination  were  cycled  through  15  engagements  and  disengage¬ 
ments  of  bolts.  The  resulting  data  (Tables  43-57)  displayed  minor 
differences  between  Installers  as  compared  to  sample  variation  of 
replicate  conditions.  Figures  72  through  78  display  average  torque 
for  each  cycle  of  each  manufacturer  by  bolt  size  combination.  At  the 
15th  cycle,  locking  and  unlocking  torques  are  reduced  by  an  average 
of  36  percent  of  their  orglnel  values  (first  cycle).  As  can  be  seen 
on  the  figures,  much  of  this  reduction  generally  occurs  during  the 
first  few  cycles.  Table  69  presents  the  percent  reduction  of  average 
torques  for  each  manufacturer-bol t  size  combination  at  the  5th,  10th, 
and  15th  cycle. 
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TABLE  59 

FATIGUE  LIVES  FROM  1/4-28  TESTS 
(K  Cycles  to  Failure) 


Manufacturer  ! 

KAY 

E5ENI 

HC 

TRI 

LL 

TOR 

OP 

With 

AFML 

49.5 

43. 

2 

43. 

4 

eh 

m 

37.6 

40.7 

Bolt 

39.8 

39. 

0 

46. 

4 

m 

38.5 

•  29.1 

33.6 

61. 

2 

5B  . 

9 

47.1 

52. 

1 

35.9 

39.0 

MPG 

43.6 

48. 

1 

43. 

5 

41. 

8 

35.9 

45.4 

33.0 

36. 

9 

53. 

8 

1 

34. 

8 

37.3 

24.7 

45.5 

50. 

2 

49. 

5 

33. 

7 

37.5 

32.9 

With- 

AFML 

24.3 

32. 

7 

30. 

o 

28. 

6 

29.0 

25.7 

out 

Bolt 

32.4 

33. 

5 

25. 

5 

33.5 

37. 

7 

28.2 

29.5 

31.1 

31. 

3 

35. 

9 

31.5 

30. 

2 

27.8 

22.8 

MFG 

27.4 

50. 

3 

34. 

5 

27.8 

31. 

7 

26.5 

25.4 

44.1 

30. 

5 

32. 

1 

38.3 

29. 

5 

24.1 

29.3 

35.0 

50. 

8 

39. 

6 

35.1 

28. 

0 

24.4 

27.2 
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TABLE  62 

ANALYSIS  OF  VARIANCE  TABLE  FOR  FATIGUE 
LIVES  FROM  3/8-24  TESTS 


w&m 

Manufacturer 

6 

177.5 

9.76 

Significant 

Installer 

1 

174.0 

9.57 

Significant 

MI 

6 

109.3 

6.01 

Significant 

Random  error 

28 

10.19 

Total 

41 

Standard  error  -  v'TSTTIF  -  4.27  (K  cycles) 


TABLE  63 

ANALYSIS  OF  VARIANCE  TABLE  FOR  BREAKAWAY 
TORQUE  DIFFERENCES  -  10-32  FATIGUE  TESTS 


HESSSJEEJi 

■Ejll-eHB 

mm 

Manufacturer 

6 

3.94 

Significant 

Installer 

1 

3.15 

MI 

6 

1.39 

Random  error 

70 

43.3 

Total 

83 

Standard  error  »  ^43 . 3  -6.6  in. -lbs. 
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TABLE  64 

ANALYSIS  OF  VARIANCE  TABLE  FOR  BREAKAWAY 
TORQUE  DIFFERENCES  -  1/4-28  FATIGUE  TESTS 


Degrees  of 
Freedom 

Mean 

Square 

mm 

Manufacturer 

6 

1311.6 

wm 

Significant 

Installer 

1 

5.79 

■ 

Ml 

6 

386.4 

3.28 

Significant 

Random  error 

68 

117.9 

Total 

81 

Standard  error  ■  All  ■  10.86  in.-lba. 


TABLE  66 

ANALYSIS  OF  VARIANCE  TABLE  FOR  BREAKAWAY 
TORQUE  DIFFERENCES  -  3/8-24  FATIGUE  TESTS 


iflKSSSJBJH 

-JTTJSJ 

mm 

Manufacturer 

6 

6031.2 

1.86 

Installer 

1 

106.1 

0.03 

MI 

6 

6584.5 

2.03 

Random  error 

68 

3245.1 

Total 

81 

Standard  error  ■  /Si 45.1  -  57.0  in.-lba. 
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TABLE  66 

ANALYSIS  OF  VARIANCE  TABLE  FOR  AXIAL 
STRENGTH  -  10-32  SIZE  SPECIMENS 


Source  of 
Variation 

Degrees  of 
Freedom 

Mean 

Square 

F 

Ratio 

Manufacturer 

6 

67,000 

0.70 

Installer 

1 

191,000 

2.00 

Ml 

6 

310,000 

3.25 

Significant 

Random  error 

28 

95,000 

Total 

41 

Standard  error  »•  /956fi0  -  308  lbs. 


\ 


ANALYSIS  OF  VARIANCE  TABLE  FOR  AXIAL 
STRENGTH  -  1/4-28  SIZE  SPECIMENS 


Source  of 
Variation 

Degrees  of 
Freedom 

Mean 

Square 

- P - 

Ratio 

Manufacturer 

6 

t, 267, 000 

15.13 

Significant 

Installer 

1 

144,000 

0.51 

MI 

6 

117,000 

0.41 

Random  error 

28 

282,000 

Total 

41 

Standard  arror  -  ✓26206 0  ■  530  lba. 
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TABLE  68 

ANALYSIS  OF  VARIANCE  TABLE  FOR  AXIAL 
STRENGTH  -  3/8-24  SIZE  SPECIMENS 


■ESbSBI 

HE  5351m 

KRP9 

Manufacturer 

6 

31,942,000 

34.16 

Significant 

Installer 

1 

3,691,000 

3.94 

MI 

6 

5,884*000 

6.29 

Significant 

Random  error 

28 

935,000 

Total 

41 

Standard  arror  •  ■  967  lbs. 
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TABLE  69 

PERCENT  REDUCTION  OF  AVERAGE  LOCKING 
AND  BREAKAWAY  TORQUES 


Size 


10-32 


1/4-28 


3/8-24 


Manufacturer 


Xaynar 

Roean 

Heli-Coil 

Tridair 

Long-Lok 

Torkon 

aroov-Pin 

Kaynar 

Roaan 

Heli-Coil 

Tridair 

Long-Lok 

Torkon 

aroov-Pin 

Raynor 

Roean 

Heli-Coil 

Tridair 

Long-Lok 

Torkon 

Qroov-Pin 


T 

C^oie 

15  ” 

18 

28 

28 

23 

39 

41 

28 

29 

31 

40 

33 

39 

21 

31 

33 

22 

29 

41 

37 

48 

49 

17 

20 

23 

18 

23 

23 

24 

32 

36 

5 

10 

11 

15 

22 

26 

28 

42 

45 

40 

41 

45 

21 

27 

32 

7 

11 

11 

21 

35 

42 

23 

39 

42 

12 

26 

36 

26 

40 

46 

40 

67 

69 
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Manufacturers  -  3/8-24  Tests 


Figure  68.  Average  Breakaway  Torque  ;<fferences  -  3/8-24  Fatigue  Tests 


Average  Axial  Strengths  -  10-32  Size  Specimens 


Strengths 


Applications  -  Kayrar  Inserts 
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Applications  -  Rosan  Inserts 
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Average  Bolt  Locking/Unlocking  Torques  for  Repeated 
Applications  -  Long-Lck  Inserts 
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Applications  -  Groov-Pio  Inserts 


